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ABSTRACT
‘Additive’ goods and services are defined as those that improve with use. They
are not naturally rival, or even non-rival, but are “anti-rival.” Information is an example.
Information can be made excludable through the use of patents and copyrights, however
this does not necessarily lead to socially optimal production and allocation. A more
flexible, open access, and decentralized process for the production and allocation of
information could improve social welfare.
This dissertation describes the challenges and problems with privatizing and
restricting access to information and reviews alternative mechanisms for its allocation.
Two particular issues at opposite ends of the access spectrum are: (1) strict barriers to
private industry databases and (2) quality perception and control of open access
information. The first chapter discusses our current system of producing and distributing
information and potential ways to stimulate the transition to a new regime. This paper
concludes that some of the ideas to seed such a transition include: (1) redefining
wellbeing metrics; (2) ensuring the wellbeing of populations during the transition; (3)
reducing complexity and increase resilience within institutions; (4) expanding the
“commons sector”; and (4) using the internet to remove communication barriers and
improve democracy. The second chapter discusses our current system of determining
which information to produce, which resources to allocate towards the production of
information, and how to distribute that information once produced. The paper concludes
that alternative incentive methods, both inside and outside of the market, of producing
information and new methods for distributing it to those that can make best use of it,
would improve social welfare. These include: (1) prizes; (2) non-monetary incentives; (3)
capping salaries; (4) research consortium; and (5) publicly funded research.
Chapter 3 explores the difficulty in determining basic energy information under
the current proprietary information system using an analysis of the energy return on
investment (EROI) of wind energy. It utilizes a meta-analysis of the energy return on
investment (EROI) to obtain basic information about the energy inputs and outputs
necessary for the manufacturing, installing, operating, and decommissioning of wind
turbines. This analysis shows an average EROI for all studies (operational and
conceptual) of 25.2 (n=114; std. dev.=22.3). It concludes that making information
proprietary severely limits the accuracy of EROI estimates and increases the difficulty of
making the best social choices. Chapter 4 explores the perceived credibility of web-based
information using an experiment with Encyclopedia Britannica, Wikipedia, and the
Encyclopedia of Earth. Compared to Encyclopedia Britannica, both Encyclopedia of
Earth and Wikipedia were found to provide a statistically negative perception of
credibility. The other factors analyzed (presence or absence of an author, references, a
biased sponsor, or an award) contribute to “brand equity” a composite characteristic that
takes significant time to develop. The relatively new Encyclopedia of Earth has not yet
developed enough brand recognition to affect credibility one-way or the other, but its
positive characteristics should help build the brand and credibility over time.
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CHAPTER 1: INTRODUCTION
1.1. Introduction
“Additive” goods and services are defined here as those that improve with use.
Information is a primary example of such a service. It is often allocated by the private
market and yet a vast literature exists regarding the inefficiencies in its production when
the positive externalities of information sharing are included (Foxon 2003, Stern et al.
2006). Information, an additive good, is not naturally rival or non-rival, but is ‘anti-rival’
(Stiglitz 1999a) or ‘additive.’ It can be made excludable through the use of patents and
copyrights. Such privatization, allows information to be traded within the conventional
private market, making them susceptible to certain existing market failures (Daly and
Farley 2003). Market failure occurs when goods or services are allocated by the market
inefficiently. Some primary reasons for market failure include, but are not limited to, the
existence of: public goods, externalities, monopolies, and asymmetric information
(Economist , Cowen 1992, Stiglitz 2010). When privatizing information through patents
and copyrights, all of these market failures can adversely influence allocation, depending
on the type of information.
Strategies for addressing some of the market failures that may surround the
production and allocation of information have been suggested. One such strategy is
through stronger Intellectual Property Rights (IPR)s, (as promoted by the World Trade
Organization), allowing a greater return on investment by firms in developed countries
(Park and Lippoldt 2008). A second strategy, justified by the positive externalities of
information production, is to lower R&D costs by publicly funding or subsidizing R&D
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as a peer community decides while still allowing firms to patents and the selling of the
resulting technologies. Almost all market economies currently provide at least some
public support for R&D (Deutch 2005, Stern et al. 2006). A third strategy is to recognize
the additive nature of information, and manage it as a global public good, with publicly
funded production towards the goal of social well-being and open access consumption
(Stiglitz 1999a, Bollier 2003, Daly and Farley 2003). The three strategies move from: (1)
strong centralization of both the production and consumption side of information, to (2) a
more decentralized production strategy while keep consumption privatized, to (3) making
both the production decentralized and consumption open access.
Implementation and regulation of additive goods through the use of patents and
copyrights has associated transaction costs. Rival goods and services are those that
decrease with use, leaving everyone else less to use. Although rival, certain goods and
services are more abundant then others and may move from the abundant to the scarce,
such as fish in the ocean. Goods are generally rival. Non-rival goods and services are
those that are not decreased by someone’s use. Many of these goods and services are
congestible, however: when enough people use them, they become overcrowded and
begin to decrease with use, moving towards rival. Non-rival and additive goods are those
that increase or get better the more that people use them. They react in an opposite
fashion to rival or congestible goods. Many goods and services, whether rival, non-rival,
congestible, non-congestible, or additive can be made excludable at some cost and with
appropriate technologies. As technology evolves, certain exclusion costs may decrease.
However, certain goods and services may continue to be nearly impossible to exclude or

2

have such high costs of exclusion that the costs of exclusion exceed the benefits. Figure
1 shows the spectrum of difficulty of excluding people from utilizing a good or service.
The ease or difficulty of excluding others from certain information depends on the type of
information.

Figure 1: Goods and services classified according to rivalness and excludability

Intellectual Property Rights (IPRs) were established as a means of allocating
information when material wealth was the limiting factor to improving well-being
(Costanza et al. 1997a, Costanza 2008). That has now changed in many countries, where
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material goods are abundant but poorly distributed, and social and natural capital are
becoming limited (Beddoe et al. 2009). Such a change should alter societal goals away
from the creation of information that produces materialistic products, to one of
preservation and development of public goods and services that increase societal wellbeing. The limitations in social and natural capital, in many cases, are global problems
that may require a greater exchange of information—a shift towards the other end of the
information access spectrum, to solve. However, IPRs persist and have become stronger
over the past few decades (Sampat 2006) due to a lack of alternative options and because
of the benefits they provides to a key minority (Stiglitz 2002).
One such global problem is our consumption of fossil fuels and resulting climate
change (IPCC 2007). Fundamental information, such as energy return on investment
(EROI) for alternative energy sources, is one of the basic methods used for comparisons,
investments, and decisions regarding the next energy transition away from fossil fuels
(Cleveland et al. 1984). However, maintaining information on one end of the information
access spectrum related to the development and operation of such technology through
privatization, creates the potential to limit the estimation, dissemination, and use of such
basic information as EROI (Lewis and Wiser 2007). It has also placed additional power
into a smaller minority of intellectual rights holders that utilize and distribute
fundamental and potentially crucial societal information (Sampat 2006). Such a
privatized system of distributing information can also create a conflict of interest and can
lead to significant misallocation of public goods (Besley and Coate 2003). This
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misallocation is amplified by the increasing global income disparity and the consolidation
of information (Brafman and Beckstrom 2006).
However, the Internet is emerging as an example of an information distribution
structure on the opposite side of the access spectrum by providing an open access,
decentralized, public system (Metzger et al. 2003b). It provides a means to disseminate
information without much oversight, unless paralleling traditional information sources
(Metzger et al. 2003a, Johnson and Kaye 2004). This requires users to assess the
accuracy of information independently. Many different aspects of a website can influence
the perceived credibility of the information presented (Petty and Cacioppo 1986).
This open access creates a new challenge for users in determining how to verify
the credibility of information, and recognizing misinformation (Mintz 2002). Identifying
which elements alter a user’s perceived credibility of an information source is crucial to
determining a means of presenting accessible and accurate sources of information.

1.2. Driving research questions
The main objective of this research is to investigate both the production and
consumption (access) processes when managing an additive good that improves with use
(such as information). The regulation of information affects its production, distribution,
and social benefits. The consumption or access spectrum of information varies from a
controlled, rationed system to an open-access, uncontrolled system. The production of
information varies along the spectrum from centralized to decentralized.

5

Figure 2 shows these two spectra and the major hypothesis of this dissertation.
The hypothesis is that there is an area on this graph where the positive and negative
aspects of these characteristics are balanced – where a “sweet spot” exists. One of the
studies included in the dissertation looks at three online encyclopedias in terms of their
positions on these spectra and how their credibility is perceived.

Figure 2: The production and consumption spectra and where a “sweet spot” may exist.

The research was done using a variety of methods, including an overview
synthesis paper, a conceptual piece, and two case studies, one of which used a metaanalysis and the other an online survey. The following section provides a brief overview
of the four additional chapters that make up the dissertation. Each chapter provides
background, objectives, methodology, and a summary of the results.
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1.2.1. Adapting Institutions for Life in a Full World
Chapter 2 (Costanza et al. 2010), entitled ‘Adapting Institutions for Life in a Full
World’, has been published as a chapter in the 2010 State of the World, a publication of
the Worldwatch Institute. This paper was based in part on a longer version by Rachael
Beddoe et al., “Overcoming Systemic Roadblocks to Sustainability: The Evolutionary
Redesign of Worldviews, Institutions and Technologies,” Proceedings of the National
Academy of Sciences, vol. 106 (2009), pp. 2483–2489 (Beddoe et al. 2009). Authorship
on both papers was alphabetical, indicating somewhat equal contributions. My specific
contribution was to the information and Internet pieces of the paper, and writing of a
considerable portion of the material that was edited and used within the shorter version.
This chapter is an overview and synthesis, asking the question: What are some of
the changes that can be made to the goals, rules, and tools surrounding additive goods to
stimulate a transition to a new regime? It discusses our current system of distributing
information and creating solutions, and potential ways of adjusting the level of thinking
to stimulate the transition to a new regime. This paper concludes that some of the ideas
to seed such a transition and provide it an opportunity to occur include: (1) the redefining
of wellbeing metrics, (2) ensuring the wellbeing of populations during the transition, (3)
reducing complexity and increasing resilience within institutions, (4) expanding the
“commons sector”, and (5) using the internet to remove communication barriers and
improve democracy.
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1.2.2. The production and allocation of information as a good that is enhanced with
increased use
This chapter, entitled ‘The production and allocation of information as a good
that is enhanced with increased use’ has been accepted and is in press in the journal
Ecological Economics (Kubiszewski et al. 2010b). My contributions to this paper
included conceptualizing the paper, literature review, writing the initial publishable draft,
and subsequent editing and revisions as requested by the co-authors and reviewers.
The paper is a conceptual paper asking the questions: (1) What are some
examples of market failure when producing and allocating information? and (2) What are
some ways in which the market can be adjusted to reduce market failures around the
production and allocation of information? What are some alternative institutions that can
be utilized to produce and allocate information? It discusses our current system of
determining which information to produce, which resources to allocate towards the
production of information, and how to distribute that information once produced. The
paper concludes that alternative incentive methods, both inside and outside of the market,
of producing information and new methods for distributing it to those that can make best
use of it, would improve social welfare. These include: (1) prizes; (2) non-monetary
incentives; (3) capping salaries; (4) research consortia; and (5) publicly funded research.

1.2.3. Meta-Analysis of Net Energy Return for Wind Power Systems
Chapter 4 (Kubiszewski et al. 2010a), entitled ‘Meta-Analysis of Net Energy
Return for Wind Power Systems,’ has been published in the journal Renewable Energy.
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Cutler Cleveland and Peter Endres were co-authors on this paper. My contribution to this
paper included the majority of the compilation of studies, literature review, writing, and
revisions as requested by the co-authors and reviewers.
This paper is a case study asking the questions: (1) what is the range of estimates
of EROI of wind energy? and (2) how are those affected by propriety information? It
utilizes a meta-analysis of the energy return on investment (EROI) to obtain basic
information about the energy inputs and outputs necessary for the manufacturing,
installing, operating, and decommissioning of wind turbines. This analysis shows an
average EROI for all studies (operational and conceptual) of 25.2 (n=114; std.
dev.=22.3). The average EROI for just the operational studies is 19.8 (n=60; std.
dev.=13.7). The paper also discusses the difficulties of obtaining basic information
critical to decision makers and investors in determining the best viable option in our
upcoming energy transition. It concludes that because the information to estimate EROI
for wind is largely proprietary, the credibility and accuracy of this information is much
lower that it could be and this may lead to decisions that do not maximize social wellbeing or sustainability.

1.2.4. Perceived Credibility of Internet Encyclopedias
Chapter 5, entitled ‘Perceived Credibility of Internet Encyclopedias’ has been
submitted to the journal Computers and Education. The paper is co-authored by Thomas
Noordewier and Robert Costanza. My contribution to this paper included formulating the
question and study design, doing the literature review, creating the survey questions,
9

assisting in distributing the survey, analyzing the data, and, writing the drafts, and
revisions as requested by the co-authors and reviewers.
The paper is a second case study asking the questions: (1) how is perceived
credibility of online information affected by brand name, presentation, degree of
oversight, and attribution? and (2) what is the level and type of regulation of information
that allows it to remain accessible and yet retain its quality? It looks at three different
online encyclopedias to determine whether perceived credibility of online information
changes due to (1) the presence or absence of an author, (2) presence or absence of
references, (3) presence or absence of a biased sponsor, (4) presence or absence of an
award, and (5) whether the article is designated as appearing in Encyclopedia Britannica,
Wikipedia, or the Encyclopedia of Earth. It concludes that participants looking at the
climate change article within Encyclopedia of Earth or Wikipedia had a statistically
negative perception of its credibility relative to those participants looking at the same
article within Encyclopedia Britannica. Brand equity is a composite characteristic that
takes significant time to develop. The relatively new Encyclopedia of Earth has not yet
developed enough brand recognition to affect credibility one-way or the other. This
experiment also showed that perceived credibility was unaffected by: (1) the presence of
an author, (2) presence of references, or (3) presence of an award. It was, however,
decreased by the presence of a biased sponsor.
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1.3. Conclusion
Solving our many, interconnected global problems may require an alternative
system of producing and allocating information, and other additive goods. With our
world changing from an empty one to one full of people and their artifacts, and the
limiting factor to well-being shifting from built capital to social and natural capital
(Costanza et al. 1997a, Costanza 2008), our needs for different types of information have
also changed. Privatization of information allowed for the consolidation of wealth and
information and centralization of the system, increasing profits and the gross domestic
product (GDP) and the expansion of private goods and services (Brafman and Beckstrom
2006). It can also create a conflict of interest and can lead to significant misallocation of
public goods (Besley and Coate 2003). To solve our current global problems and
increase societal well-being, we may need a more resilient and adaptable system that is
better equipped to manage and produce public goods and services. Moving towards the
other end of the information control spectrum may provide the capacity to better respond
to the growing need for this investment in public goods (Brafman and Beckstrom 2006).
However, many of our current institutions and policies were designed to
incentivize the privatization, exclusion, monetization, and strict control of information.
This provided private enterprise the ability to regulate much of the information being
produced and decide on its allocation to the public. New policies and institutions may be
needed that will incentivize alternative reward structures, inclusivity, and placing more
information within the public domain. The regulation of information might be better
served by a public commons institution, or a social enterprise, with the primary goal of
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ensuring that information which could increase societal well-being is produced and
appropriately allocated. Such an organization would need to be resilient enough to adapt
to changing needs of society and efficient enough to retain the high credibility of
information by minimizing bureaucracy, which can lead to misallocation and long delays
before progress occurs.
All information has the potential to increase with use since it builds on previous
knowledge. Whether it’s information about new technologies or basic knowledge,
information can be built on and increase with additional use. However, this additive
nature of information is not always a beneficial characteristic for society. Negative
information, such as how to produce anthrax or nuclear weapons, may decrease societal
well-being through its additive nature.
The Internet has changed many of the rules that have influenced and regulated
information. With low barriers to entry and to distributing information globally, the
public has become both the producers and consumers of information. Such a change has
affected our political systems. The infusion of information and technological
accessibility has created the opportunity for an open discussion, but it has also created
greater information inequalities through differences in Internet literacy and access
(Papacharissi 2002).
The Internet may also make possible a new form of ‘cooperative competition’
where both of these forces can be better balanced in order to hit the sweet spot.
Competition produces incentives to produce information in order to reap the rewards of a
patent monopoly, but cooperation leads to more rapid advances and higher social welfare.
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For example, the Encyclopedia of Earth encourages authors to cooperate and contribute
to writing entries, but also attributes the writing to specific authors in order to engage
them in competition to produce.
This dissertation has shown that moving towards the open access side of the
spectrum in energy technologies information, which is currently proprietary, would
enable better social choices surrounding the upcoming energy transition. It has also
shown that a better balance between top down, proprietary information provided over the
web and bottom up, uncontrolled information could maintain credibility while improving
access and participation. This dissertation shows a way forward in designing new webbased information platforms (like the Encyclopedia of Earth or the new journal Solutions)
that can build brand equity and the credibility that comes with it, while at the same time
improving access and participation. But it is only the beginning of this search for the
“sweet spot” and much more remains to be done.
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CHAPTER 2: ADAPTING INSTITUTIONS FOR LIFE IN A FULL WORLD
2.1. Introduction
Today’s prevailing worldviews and institutions emerged during the early
Industrial Revolution, when the Earth was still relatively empty of humans and their built
infrastructure. Natural resources were abundant, social settlements were more sparse, and
the main limit on improving human wellbeing was inadequate access to infrastructure and
consumer goods (Daly and Farley 2003, Costanza 2008, Beddoe et al. 2009).
Current ideas about what is desirable and what is possible were forged in this
empty-world context. “Cheap” fossil fuels have provided the abundant energy necessary
for economic growth and helped societies overcome numerous resource constraints.
Fertilizers, pesticides, and mechanized agriculture have allowed humanity to stave off
Thomas Malthus’s predictions of population collapse. As a result, the world has changed
dramatically over the past two centuries. It is now a “full” world, where increasingly
complex technologies and institutions, mounting resource constraints, and a decreasing
energy return on investment have made human society more brittle, and hence more
susceptible to collapse (Tainter 1988, Malthus 1999, Tainter 2000, 2006, O'Sullivan
2008).
Laws and policies that incorporate the empty-world vision are legion. The 1872
Mining Act in the United States, for example, was designed to promote minerals mining
and economic growth. It did this by essentially giving away the right to mine on public
lands, while collecting no royalties and requiring no environmental protection. The Act is
still in force, even though conditions have changed dramatically. The consequence has
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been massive environmental destruction and a giveaway of public wealth to private
interests.
Today’s prevailing worldviews, institutions, and technologies are failing to meet
humanity’s needs in a rapidly changing world. Climate change, declining oil supplies,
biodiversity loss, rising food prices, disease pandemics, ozone depletion, pollution, and
the loss of life-sustaining ecosystem services all pose serious threats to humanity. Yet
most of these threats were not even imagined when our worldviews, institutions, and laws
were being formed.
All of these crises can be traced back to one overarching problem: we have failed
to adapt our current socio-ecological regime from an empty world to a full world.

2.2. Under Stress in an Increasingly “Full” World
There are three fundamental reasons why the current regime no longer serves
humanity in a full-world context. The first is that unlimited increases in resource and
energy use are physically impossible on a finite planet. All economic production requires
the transformation of raw materials and energy, making these inputs less available to
serve as the structural building blocks of the ecosystems that provide life-support services
for all species. The global climate crisis is just one example of an ecosystem service—
climate regulation—that is being consumed at an unsustainable rate (Daly 1968, Costanza
and Daly 1992).
The use of fossil fuels not only depletes a non-renewable resource, it also creates
waste emissions that further degrade ecosystem function. But even advances in energy
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technology cannot create energy out of nothing. While the development of renewable
energy sources is a priority, no currently feasible energy alternative can sustain the
current rate of conventional, resource-intensive, global economic growth.
The second reason why the current regime no longer serves humanity in a fullworld context is that unlimited increases in resource and energy use do not continue to
increase wellbeing. Unlimited conventional economic growth (i.e., growth in the gross
domestic product) is not only impossible, it is undesirable. GDP measures marketed
income, not welfare. What we really want is to provide satisfying lives with less
economic activity, raw materials, energy, and work required. When GDP rises faster than
life satisfaction, efficiency declines.
The genuine progress indicator (GPI) is one alternative measure of welfare
designed to adjust for the inadequacies of GDP, subtracting factors such as the costs of
crime and pollution, and adding factors such as the value of household and volunteer
work. In the United States, GPI neared its per-capita peak in 1975, at a time when percapita GDP was about half what it is today (Figure 3) (Talberth et al. 2007).
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Figure 3: United States Gross Domestic Product versus Genuine Progress Indicator, 1950-2004.

Subjective measures of wellbeing, such as the share of people who consider
themselves “very happy,” have also not increased since 1975. Empirical evidence
suggests that a return to 1970s per-capita consumption levels would not make us worse
off but would instead lower our resource depletion, energy use, and ecological impacts by
half. We would actually be better off because we would have more time and resources to
invest in public, non-consumption goods produced by natural and social capital (Easterlin
2003, Layard 2005).
The final reason why the current regime no longer serves humanity in a full-world
context is that today’s institutions are designed to maximize energy and resource use and
are poorly adapted to the needs of a full world. Market institutions, for example, enhance
17

economic growth, but they only deal well with private goods and services. They often
provide these at the expense of public goods and services—such as education,
infrastructure, public health, and ecosystem services—that would most significantly
improve quality of life in today’s full-world context. A 1997 study valued worldwide
ecosystem services at approximately $33 trillion, more than the value of the gross world
product at that time (Costanza et al. 1997b).
Many governments have longstanding policies that promote growth in market
goods at the expense of non-market, public goods that are generated by healthy
ecosystems. These policies include the more than $2 trillion in annual subsidies for
market activities and externalities that degrade the environment; the privatization or
reduced protection of common (or shared) resources, such as forests and fisheries; and
inadequate regulation and enforcement of existing regulations against environmental
externalities. Perhaps the most serious environmental externality facing the world today
is climate change. To solve this “mother of all market failures,” we need to deal with the
atmosphere as a global common asset, not privatize it. Continuous material economic
growth in wealthier countries is a major cause of this biophysical crises (Costanza et al.
1997b, Barnes 2006, Brown 2007, Barnes et al. 2008, Daly 2008, Myers and Kent 2008).
Global climatic stability and ecological resilience are global public goods that
require cooperative global solutions, whereas fossil fuels are market goods that promote
competition and resource struggles. The transition to sustainability demands new energy
sources that are “non-rival,” such as energy from the sun and wind. (For example, U.S.
development of cheap and efficient solar power will not limit China’s use of this
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resource; conversely, China would likely improve the technology, thus conferring
benefits to other users.) Unfortunately, international trade institutions such as the World
Trade Organization prioritize private, market goods and services at the expense of public
goods. Countries that cannot afford renewable energy technologies will continue to burn
coal, preventing the new technologies from helping to address climate change. Open
access to information about renewable energy technologies is needed to solve this
problem.

2.3. Toward a New Sustainable and Desirable Regime
Regime shifts can be driven by collapse, or through conscious and integrated
changes in worldview, institutions, and technologies. We can develop new goals, rules,
and tools. These changes provide the opportunity to transition away from unsustainable
practices and to avoid social, economic, and ecological collapse. Some ideas to stimulate
and seed this transition include:

2.3.1. Redefine Wellbeing Metrics
In today’s full-world context, the goal of an economy should be to sustainably
improve human wellbeing and quality of life. Material consumption and GDP are merely
means to that end, not ends in themselves. We have to recognize, as both ancient wisdom
and new psychological research tell us, that material consumption beyond real need can
actually reduce overall wellbeing by creating an unending and unsatisfying drive for
more stuff.
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Such a reorientation leads to specific tasks. We have to identify what actually
contributes to human wellbeing and include the substantial contributions of natural and
social capital, both of which are under increasing stress. We have to be able to distinguish
between real poverty (in terms of low quality of life) and merely low monetary income.
Ultimately, we have to identify what the economy actually is and what it is for, and to
establish a new model of development that acknowledges today’s full-world context.
Many efforts are under way to develop better wellbeing measures, including the GPI, but
we need a global effort to build consensus that will allow these alternative measures to
gain broad acceptance and credibility (Costanza et al. 2009).

2.3.2. Ensure the Wellbeing of Populations During the Transition
It will be important that any reductions in economic output and consumption that
accompany the shift to a new regime fall on those who will be hurt the least—i.e., the
wealthy. Presently, the U.S. tax code taxes the third wealthiest man in the world, Warren
Buffett, at 17.7 percent, while his receptionist is taxed at the average rate of 30 percent.
Appropriate monetary policies can enhance employment, moderate the gap in income,
restore the natural environment, and invest more in public goods while overall
consumption decreases. For example, ecological tax reform could be implemented that
would change consumption patterns and tax the wealthy more because they pollute more,
while reducing taxes on social security or other benefits, which will benefit those who
rely more fully on these payments (Bernow et al. 1998).
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2.3.3. Reduce Complexity and Increase Resilience
History offers lessons about the collapse of societies as well as examples of
successful adaptation. While environmental factors often contributed to societal declines,
it was cultural and institutional resiliency and adaptability that most influenced a
society’s chances of survival. Resilience depends on cultural values as well as the ability
of political, economic, and social institutions to respond (Tainter 2000, Weiss and
Bradley 2001, Boyd and Richerson 2005, Diamond 2006, Tainter 2006, Costanza et al.
2007).
Many societies have collapsed due to insufficient resources to sustain their
complex structures. The Western Roman Empire, for example, was a thriving, highly
complex system as long as increasing resources were available through conquests. But
when the limits of conquest were reached, the empire began to tax farmers heavily in an
attempt to retain the resource influx, eroding the system’s ability to absorb shocks and
making it vulnerable to barbarian invasions and other pressures. Maintaining resilience in
a full world means moving away from an emphasis on growth and expansion and toward
an emphasis on sufficiency and sustainable prosperity (Tainter 1988).

2.3.4. Expand the “Commons Sector”
As we transition to a new regime, we need to greatly expand the “commons
sector” of the economy, the sector responsible for managing existing common assets and
creating new ones. Some assets, such as resources created by nature or by society as a
whole, should be held in common because this is more just. Other assets, such as
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information, or ecosystem structures (i.e., forests), should be held in common because
this is more efficient. Still other assets, such as essential common-pool resources and
public goods, should be held in common because this is more sustainable.
One option for expanding and managing the commons sector is to create
“common asset trusts” at various scales. Trusts, such as the Alaska Permanent Fund and
regional land trusts, can propertize the commons without privatizing them. At a larger
scale, a proposed “Earth Atmospheric Trust” could help to massively reduce global
carbon emissions while also reducing poverty. This system would comprise a global capand-trade system for all greenhouse gas emissions (preferable to a tax, because it would
set the quantity and allow price to vary); the auctioning of all emission permits before
allowing trading among permit holders (to send the right price signals to emitters); and a
reduction of the cap over time to stabilize atmospheric greenhouse gas concentrations at a
level equivalent to 350 parts per million of carbon dioxide (Barnes 2003).
The revenues resulting from these efforts would be deposited into the Earth
Atmospheric Trust, administered transparently by trustees who serve long terms and have
a clear mandate to protect Earth’s climate system and atmosphere for the benefit of
current and future generations. A designated fraction of the revenues derived from
auctioning the permits could then be returned to all people on Earth in the form of a per
capita payment. The remainder of the revenues could be used to enhance and restore the
atmosphere, invest in social and technological innovations, assist developing countries,
and administer the Trust.
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2.3.5. Use the Internet to Remove Communication Barriers and Improve
Democracy
Unlike with television and other broadcast media, very low technological and
financial barriers exist to establishing a presence on the Internet. This has the effect of
decentralizing the production and distribution of information by returning control to the
audience, providing a venue for dialogue instead of monologue. Opinions and services
that were previously controlled by small groups or corporations are now shaped by the
entire population. Television news networks, sitcoms, and Hollywood productions are
being replaced by e-mail, Wikipedia, YouTube, and millions of blogs and forums, all
created by the same billions of people who are the audience for the content.
The 2008 U.S. presidential election marked the first election year where more
than half of the nation’s adult population became involved in the political process by
using the Internet as a source of news and information. Rather than simply receiving unidirectional news, approximately one-fifth of all Internet users utilized websites, blogs,
social networking sites, and other forums to discuss, comment, and question issues
related to the election (Smith 2009).

2.4 Conclusions
Changes in worldviews, institutions, and technologies will be necessary to
achieve lifestyles that are better adapted to today’s full-world context. To a certain extent,
we can design the future we want by creating a new vision and new goals. If societal
goals shift from maximizing growth of the market economy to maximizing sustainable
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human wellbeing, different institutions will better serve these goals. It is important to
recognize, however, that a transition will occur in any case, and that it will almost
certainly be driven by crises. Whether these crises lead to decline or collapse followed by
ultimate rebuilding, or to a relatively smooth transition to a sustainable and desirable
future, depends on our ability to anticipate the required changes and to develop a new
culture and new institutions.
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CHAPTER 3: THE PRODUCTION AND ALLOCATION OF INFORMATION AS
A GOOD THAT IS ENHANCED WITH INCREASED USE
3.1. Abstract
Information has some unique characteristics. Unlike most other goods and
services, it is neither rival (use by one prevents use by others) nor non-rival (use by one
does not affect use by others), but is enhanced with increased use, or 'additive' (the
opposite of rival). Therefore a unique allocation system for both the production and
consumption of information is needed. Under the current market-based allocation system,
production of information is often limited through the exclusive rights produced by
patents and copyrights. This limits scientists' ability to share and build on each other's
knowledge. We break the problem down into three separate questions: (1) do markets
generate the type of information most important for modern society?; (2) are markets the
most appropriate institution for producing that information?; and (3) once information is
produced, are markets the most effective way of maximizing the social value of that
information? We conclude that systematic market failures make it unlikely that markets
will generate the most important types of information, while the unique characteristics of
information reduce the cost-effectiveness of markets in generating information and in
maximizing it's social value. We then discuss alternative methods that do not have these
shortcomings, and that would lead to greater overall economic efficiency, social justice
and ecological sustainability. These methods include monetary prizes, publicly funded
research from which the produced information is released into the public domain, and
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status driven incentive structures like those in academia and the "open-source"
community.

3.2. Introduction
We live in the age of information and global markets. Markets play an important
role in the generation and distribution of new information. They decide on what
information to produce, which scarce resources are allocated towards that production
(e.g. scientists, laboratory equipment, computers and so one), and once produced, who
can use it. Governments and universities also play an important role in the generation of
new information; however, through the passing of the Bayh-Dole act in recent decades,
the U.S. government has pushed academic centers to produce information with
commercial applications (Sampat 2006) (Figure 4). Before such change in priorities and
throughout much of the 20th century, universities avoided direct involvement with
copyrights and patents. Universities now are patenting and copyrighting new information
at an unprecedented rate (Figure 5).

26

Figure 4: Annual U.S. patent activity since 1790 until present and the various policy changes
influencing patents. Source: U.S. Patent and Trademark Office.

27

Figure 5: Number of patents assigned annually to U.S. colleges and universities ranked in the top
200 by R&D expenditures in FY 2004. Source: U.S. Patent and Trademark Office.

Society increasingly relies on markets to produce and allocate information. At the
same time, society also faces a number of serious problems that may be unsolvable
without new information to generate new technologies. For example, many experts
believe that if we fail to reduce CO2 emissions by less than 80%, atmospheric carbon
stocks will continue to climb, resulting in runaway climate change and ecological
catastrophe. However, our society is currently so dependent on fossil fuels that reducing
emissions by 80% could result in mass starvation and economic collapse. In economists’
terms, the marginal costs of CO2 emissions (the supply curve) fail to intersect with the
marginal benefits of fossil fuel use (the demand curve), and there is no economic solution
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to the climate change problem with current technologies. Given the urgency of climate
change and other critical problems which information can help to solve, it behooves us to
closely examine the effectiveness of markets in producing and allocating information.
There is a huge literature regarding the economic market’s inability to efficiently
produce and allocate information (Foxon 2003, Stern et al. 2006). On the allocation side,
markets maximum efficiency is when the marginal cost of producing a good equals its
marginal benefit and price. Since the marginal cost using existing information is
negligible, efficiency demands that the price also be negligible, and any higher price
creates a dead-weight loss in society, reducing efficiency. Paradoxically, the economic
surplus from information, which is essentially the monetary value of the total use of that
information, is maximized when the price is essentially zero (Daly and Farley 2003).
However, at a price of zero the market will not produce information. On the production
side, it can be difficult to make information excludable, which in turn makes it difficult to
sell. If those who produce information cannot recoup at least the costs of production, they
are unlikely to produce it (Arrow 1962). If information is not created in the first place, it
of course generates zero economic surplus.
In the 1970s, Rothschild and Stiglitz (1976) showed that markets for information
suffer from a paradox. For a market to function efficiently, all parties must understand
the nature and effects of the good or service being traded to the fullest extent possible.
There must be complete information. However, if a buyer of information were to have
access to a piece of information before the transaction occurs, there would be no
protection for the seller if the buyer decided to utilize that information without paying.
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Without complete knowledge of the information before the transaction, the transaction
cannot be completely efficient, but if the information itself is the good or service being
traded then it is impossible to make it both excludable and the trade efficient at the same
time (Greenwald and Stiglitz 1986). Nonetheless, a reduction in economic surplus is
preferable to no economic surplus, which has led most market economies to create
intellectual property rights (IPRs) to information in the form of patents and copyrights.
IPRs provide incentives for the production of information, but in exchange create
artificial scarcity and inefficiencies in consumption for the duration of the patent or
copyright.
Unfortunately, IPRs fail to solve the production problem, because they are
inevitably incomplete. New technologies build on old ones regardless of IPRs through
reverse engineering or illegal copying. Information generates positive externalities, and
hence tends to be underprovided by markets (Arrow 1962). One strategy to addressing
this problem is through stronger IPRs, as promoted by the World Trade Organization,
allowing a greater return on investment by firms and developing countries (Park and
Lippoldt 2008). A second strategy, justified by the positive externalities of information
production, is to lower R&D costs by publicly funding or subsidizing R&D while still
allowing firms to patent and sell the resulting technologies. Almost all market economies
currently provide at least some public support for R&D (Deutch 2005, Stern et al. 2006).
A third strategy is to recognize the additive nature of information, and manage it as a
global public good, with publicly funded production and open access consumption
(Stiglitz 1999a, Bollier 2003, Daly and Farley 2003).
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In this paper, we argue that the changing nature of the problems that global
society confronts has increased the disadvantages of using conventional markets to
produce and allocate information. The market is unable to meet society’s desirable ends
and creates a system which encourages competition instead of collaboration, decreasing
the opportunity for innovation. Alternative institutions may be better equipped for
managing the flow of information. Information should therefore be managed, as Stiglitz
suggests, as a global public good.
Originally, when the current economic paradigm was created, with its
assumptions and conventions, material wealth was the limiting factor to improving wellbeing. That has now changed in many countries, where there is an excess of material
goods, but a poor distribution of those goods and a dearth of social and natural capital
(Beddoe et al. 2009). This has become a global problem that requires global information
exchange to solve. And yet this paradigm has persisted due to a lack of alternative
options and the benefits it provides to a key minority (Stiglitz 2002). We are now using
the market to deal with completely different problems, and need information that is no
longer revolving around material production and consumption, but around solving global
public goods problems on the social and natural level. The development and the
allocation of this type of information for a greater social good has a different level of
responsibility associated with it. It requires that the focus be placed on the social good
instead of the private gain.
Economics is conventionally defined as the allocation of scarce resources among
alternative desirable ends, this definition can guide us as we assess the effectiveness of
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markets for allocating information. It follows from the definition that the first task is to
determine the desirable ends of economic activity, or in our case, the most desirable ends
we should pursue through the creation of new information. We must then assess the
characteristics of information relevant to allocation. Only then can we decide if markets
generate the type of information most important for modern society, if they are the most
cost-effective mechanism for producing that information, and once the information is
produced, if they are the most effective mechanisms for maximizing the value of that
information. We explain our methods for assessing each of these criteria as we proceed.
This paper shows that much literature exists on the shortcomings of markets when
dealing with the production and allocation of information. The literature also attempts to
identify means of altering the economic market in such a fashion as to allow for greater
revenue or efficiency. However, the majority of the methods suggested work within the
market and try to protect market goods. In this paper we recognize that information
needs to be treated as a public good that improves with use. Hence, this requires
alternative institutions to manage it and achievable society’s desirable ends.

3.3. Desirable Ends of Information
Human culture is based on information, as is all economic production, making
information essential in attaining virtually all desirable ends. Conventional economic
theory is based on marginal analysis, posing the question of what types of new
information are most important at the margin (Daly and Farley 2003). In other words,
what types of new information would generate the greatest improvements in human
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welfare at the lowest cost. While this is inevitably a somewhat subjective question,
certain issues that dominate the global headlines seem to suggest some likely answers.
We will focus on those that concern resources absolutely essential to human well-being,
such as energy, food, biological diversity, water, shelter, sanitation, and medical
treatment, to name a few.
Energy is an essential component to all economic production. Modern society is
exceptionally dependent on abundant and cheap fossil fuels, a finite resource. Oil is
currently the most important fossil fuel. Oil discoveries peaked in the early 1960s, and
production surpassed discoveries in the early 1980s. Humans are currently using several
times as much oil yearly as they discover. Eventually, supplies will not be able to keep up
with rising demand, and we are likely to see an end to the era of abundant, cheap oil.
Skyrocketing oil prices and diminishing reserves could play havoc on our economic
system (Campbell and Laherrere 1998, Deffeyes and Silverman 2004, Heinberg 2005).
Fossil fuels also threaten to wreak havoc on our global climate by releasing
massive quantities of carbon dioxide. The Intergovernmental Panel on Climate Change
(IPCC) suggests that unless we reduce carbon emissions by 80% by 2050, we will risk
catastrophic climate change (IPCC 2007). Hansen (Hansen et al. 2008) suggests that CO2
levels exceeding 350 parts per million (ppm) threaten catastrophic change and calls for
even tighter restrictions, current levels have exceeded 385ppm (Tans 2009). Allocating
information towards the discovery and production of new carbon neutral energy
alternatives seems highly desirable. And yet, we continue to limit access to technologies
that may help us avoid causing further irreparable damage (Figure 6).

33

Figure 6: Annual U.S. patents granted in the ‘Equipment for Production, Distribution, or
Transformation of Energy’ (D13) and ‘Hybrid Electric Vehicles’ (903) USPTO classes. Source:
U.S. Patent and Trademark Office.

The most serious threat of climate change is to global food production—
agriculture emerged at the start of the Holocene, a 10,000-year period during which
average annual global temperature stayed within a very narrow band (Costanza et al.
2007). Most experts believe that we are already committed to a certain level of climate
change, and adaptation is essential. We will need to develop new agricultural crops and
new farming techniques and technologies, or potentially revisit old ones, to continue to
feed our growing population. Allocating information towards these new agricultural
technologies also seems highly desirable.
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A third issue is the provision of life sustaining ecosystem services, upon which
humans depend for their survival. One of the greatest threats to ecosystem services is
biodiversity collapse; as the Millennium Ecosystem Assessment (2006) concludes,
biodiversity sustains all ecosystem services, yet species are currently going extinct at
100-1000 times the background rate. The major causes of biodiversity loss include
fragmentation, habitat degradation and loss, pollution, over-exploitation of natural
resources, invasive species, and climate change. The leading cause of fragmentation and
habitat loss is agriculture. Therefore carbon free energy and new agricultural
technologies are essential to sustaining biodiversity. To stem natural resource depletion,
we will also need technologies that generate more human well-being using fewer
resources and generating less waste.

3.4. Nature of Information and Associated Markets
As a resource, information has unique characteristics that affect its allocation.
Conventional market resources are rival, or subtractive: one person’s use leaves everyone
else less to use. For example, if one person cuts down a tree to build furniture, it is no
longer available for someone else to build a house. Information is a different type of
resource. If information is used by one person, it does not leave less for anyone else to
use. No matter how many people read this paragraph, there will be no less information
left for anybody else. Economists refer to such resources as “non-rival”. However, the
resource of information is not just non-rival, but actually improves through use. The term
“additive” can be used to describe a resource that improves through use, such as open-

35

source software (Weber 2000, Lessig 2003). After reading this paper you may develop
new and better ideas from which we may all benefit in the future.
Jared Diamond (Diamond 2005) suggests that the additive nature of information
accelerated the development of technologies and civilizations. Technological progress
was exceptionally slow when human populations were primarily small bands of huntergatherers roaming the countryside. Once agriculture evolved allowing greater population
densities, ideas began to circulate faster, leading to a faster rate of technological advance.
Written language emerged allowing for ideas to be stored and communicated more easily
and more rapidly, further accelerating technological advance. Mercantilism and
industrialization led to yet more rapid communication of ideas across greater distances,
contributing to an even more rapid rate of increase in knowledge. A recent biography of
Genghis Khan (Weatherford 2005) offers an additional example. As Khan conquered the
known world, he adopted new technologies from conquered lands and spread them across
his empire. Having united most of Asia, the Middle East, and Eastern Europe, Khan
opened and protected trade routes, allowing for the free exchange of people and ideas
throughout the empire. Weatherford argues that this spread of information ultimately
paved the way for the European Renaissance and the industrial revolution. Recently, the
phrase anti-commons was coined in reference to patents that slow the rate of advance of
new information (Heller 1998, Heller and Eisenberg 1998).
Information is a natural monopoly which has high fixed costs and low marginal
costs. For example, it took approximately $10 billion to develop Windows Vista
(Takahashi 2006), a fixed cost which would not change whether one computer ran Vista
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or one million ran it. The relevant marginal cost for Vista is the cost of burning a CD and
installing it on one additional computer, which is negligible. If only one thousand people
used vista, it would have to sell for $1 million a copy for Microsoft to break even. If
instead 100 million people use vista, Microsoft could sell it for $100 a copy and breakeven. The more people that use a non-rival good or service, the lower a price it can be
sold for. However, competitive markets only work when large numbers of vendors sell
nearly identical products. While monopolists in theory could sell the product at the lowest
possible cost and still break even, monopolists in practice maximize profits by producing
less and charging a higher price (Daly and Farley 2003). As a result, many economists
argue that natural monopolies should be publicly owned or regulated. In the case of
information, the solution would be public provision.
Most economists assume that markets reveal the desired ends of economic
activity through market demand as manifested in purchase decisions, then efficiently
allocate the scarce resources necessary to achieve those ends (Costanza and Farley 2007).
But what is economic demand? Economic demand is preferences weighted by income,
implying that those with no income have no demand. For example, this implication states
that very little demand exists for life saving cures for contagious diseases that affect poor
people since they do not have the income to pay high prices for those cures. Economic
markets also only reveal demand for marketed goods and services. Only privately owned
goods and services can be marketed, making private property rights a pre-requisite for
conventional markets to function. However, many important goods and services are, in
practice, “non-excludable” and cannot be effectively privately owned. For example, if a
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technology to restore the ozone layer is developed, the use of the restored ozone layer
cannot be restricted to individuals who pay for its restoration. Within such a system, no
market incentives exist to pay for the services and creates no market demand for such
services. Conventional economic markets therefore lack the incentives to create
information required to cure contagious diseases affecting the poor or to preserve
ecosystem services.
An example can clarify how markets decide which information to produce and
how to allocate it. In the 1970s, Aventis, a pharmaceutical company, began developing a
compound called eflornithine as a potential anti-cancer drug. During the development
process the drug was also found to remove hair and treat human African trypanosomiasis
(HAT), or African sleeping sickness, a contagious and debilitating disease endemic in
Africa (McNeil 2001). However, when in 1995, the drug was found to have no affect on
cancer, Aventis halted production including the forms of the drug that cured sleeping
sickness. At the time, much of central Africa was war-torn, the population requiring the
drug was unable to pay for it, meaning that no economic demand existed and hence, there
was no interested from Aventis to produce it. A few years later another pharmaceutical
company, Bristol-Myers Squibb (BMS), began producing a form of this same compound
as a facial hair removal cream for women. This again created an economic demand
because now rich women were willing to pay large sums for this cream. Once the
production resumed, the World Health Organization (WHO) and Doctors Without
Borders were able to convince BMS to donate 5 years of the drug to patients in Africa,
this move also persuaded Aventis and Bayer to donate $5 million a year for monitoring,
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treatment, and research and development (Wickware 2002). Patents on drugs and surgery
related techniques and technologies have become increasingly popular in the past two
decades (Figure 7). Since 1988, over 145,000 patents have been granted in the United
States alone on drugs and bio-affecting and body treating compositions. Net sales and
expenditures by the companies have also increased in the past decade (Figure 8). In 2007
alone, net sales from pharmaceuticals and medicines were over $350 billion.

Figure 7: Annual U.S. patents granted in the ‘Drug, Bio-Affecting and Body Treating
Compositions’ (424 & 514) and ‘Surgery’ (128, 600, 601, 602, 604, 606, & 607) USPTO classes.
Source: U.S. Patent and Trademark Office.
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Figure 8: Pharmaceutical and medical companies performing R&D in the U.S. Source: National
Science Foundation, Division of Science Resources Statistics (SRS).

This example shows how economic market forces can allocate scientist’s efforts
towards producing luxury goods instead of basic necessities for the poor. Scientists,
unlike information, are a rival resource, if one is hired to develop cosmetics for the rich,
they are no longer available to work on life saving cures for the poor. Although economic
markets are accepted as the deciding mechanism for society’s ends, if asked directly,
most of the population would presumably rank developing life saving cures as a more
desirable end for society than removing women’s facial hair.
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3.5. Allocation
3.5.1. Production side
Are markets the most cost effective way to produce information? Do markets
generate the most desirable types of information?
The production of new information requires the allocation of scarce and rival
resources as inputs into innovation, as well as existing knowledge which is neither scarce
nor rival. However, for the scarce resources to be allocated properly, an incentive
structure has to be in place to encourage the development of the desired information in a
productive and efficient way. This section discusses the current incentive structure,
productivity of the creation of new information, and efficient allocation of scarce
resources toward the production of information.
The first issue is productivity. In the private sector, the goal is to develop a
patentable (i.e. excludable) product. Firms therefore jealously guard their knowledge,
refusing to share it with competing firms. There may be dozens of pharmaceutical firms
striving to develop a new treatment for obesity, each with its own team of research
scientists strictly forbidden from sharing their knowledge with others. This is a counterproductive methodology. One of the reasons that Silicon Valley generated such a wealth
of new ideas was the intellectual density of the area. Scientist and researchers living in
close proximity exchanged ideas in bars and at parties, but there was also a constant
movement of employees and skills, providing a means of integrating all the information
(Dennis 2008), in spite of the remaining barriers to information sharing imposed by
firms. This example serves to illustrate the fundamental additive characteristic of
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information, the more it is shared, the faster it will improve (Stiglitz 1999b). Such a
research structure creates the question of which is a more effective research model—100
individual scientists unable to communicate with each other, or 10 teams of 10 scientists
allowed to communicate freely within their groups? All work done by scientist is the
extension of research done by others throughout history (Scotchmer 1991, Heller 1998,
Stern et al. 2006). Without such passing down of knowledge, no progress would be made.
The inability of current scientists to freely exchange new information significantly
reduces overall productivity.
Most academic researchers guard their data and ideas prior to publication;
nevertheless, the driving goal is the publication of their work, i.e. to share their
knowledge. Although a trend has recently evolved in certain academic fields to patent
(Figure 5), many scientist attempt to do both, patent a commercializable idea and publish
the general idea. A recent study found publications having associated patents receive
fewer citations then those publications with no associated patents, and this affect
becomes more pronounced with the number of years elapsed since date of the patent
grant (Murray and Stern 2007). This is due to the additional transaction costs and
bureaucracy required to cite and use patented information; scientists choose not to cite it,
reducing the overall societal exchange of information (Barton 2000).
Other productivity issues arise from patents. Patent trolling occurs when a private
firm, also known as a non-practicing entity (NPE), buys up patents with no intention of
utilizing the information but with the intention of demanding royalties from anyone
attempting to use the information or to sit on the patent until it can be sold for a profit. In
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both cases, the only result is a higher price on the information. Resource allocated to the
sole purpose of limiting the exchange of information creates social inefficient, and in
economics terms is known as rent-seeking behavior. Rent seeking behavior is the pursuit
of unearned profit, and any resources used for this are wasted, making it inefficient to
limit the exchange of socially beneficial information. A second cost of patent trolling is
that it increases transaction costs for users of information. Patent trolling creates barriers
for innovators by distributing patent rights on one technology across various patent
holders, making it significantly more difficult to detect potential infringed patents and
increases the price of using information and hence blocks the creation of new
technologies. The resources allocated to resolving the resulting legal conflicts are purely
transaction costs, contribute nothing to net social welfare, and create a double negative
since it’s money spent on reducing economic efficiency. As an example, one team of
scientists wanted to develop rice genetically modified to produce vitamin A to improve
the health of the world's poor. After they developed this 'golden rice', scientists found that
depending on which country was to use it, the rice infringed on approximately 40 existing
patents and would require negotiation with 12 to 20 separate entities (Kryder D. R. et al.
2000). With licensing arrangements too complex to negotiate, the researchers provided
AstraZeneca, a private corporation, full commercial rights to the rice but retained noncommercial rights for national and international research and poor farmers in developing
countries.
The second issue is the incentive structure. The current incentive structure
encourages investment in new innovations by creating private property rights in the form
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of patents. By giving exclusive rights to organizations, patents create an economic market
for ideas that have commercial potential and encourage organizations to invest monetary
capital in the creation of information that may have otherwise not been developed (Kitch
1977, Hellman 2007). However, with the right to exclude others from potentially critical
information for extended periods of time, patents inhibit further innovation and create
deadweight loss in the form of monopolies around innovations (Heller and Eisenberg
1998, Gallini and Scotchmer 2002), making it more difficult to reach our desirable ends.
An alternate incentive structure is required which provides the necessary incentives to
produce the desired information, but leaves the information freely accessible to those
who benefit most from it and those that can utilize it most efficiently to further
knowledge.
The third issue is the allocation of scarce resources towards information
production. In 1980, the Bayh-Dole Act was passed allowing publicly funded research to
be patented and privatized, as opposed to forcing it into the public domain. It also gave
individual governmental agencies authorization to patent and sell patents to large
corporations. The act was passed in an attempt to spur commercialization of research
done within universities and government laboratories. By granting private corporations
exclusive rights on innovations from federally funded research, a situation is created
where the public pays twice for innovations, once through taxes to support the federal
research and again through monopoly prices on goods. The allocation of resources in a
way that grants private corporations double income creates a net social loss (Eisenberg
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1996) and gives corporations, through the use of the market, the freedom to dictate
society’s goals.
An additional resource issue exists when pharmaceutical companies expend an
enormous amount of research on 'me too' drugs (Angell 2004)—highly profitable drugs
that other companies attempt to replicate and patent with no or very minor improvements
to existing drugs. Such a replication of effort drains research resources. For example, in
2003, me-too drugs accounted for 44% of use and 63% of expenditure in Canada
(Morgan et al. 2005). This occurs within other industries as well—currently, hundreds of
models of digital cameras exist, with only minor differences between them. This reduces
market efficiency since markets require perfect information, and the proliferation of
products increases the costs of acquiring information and making intelligent decisions
about what to buy. The duplication of any existing information wastes resources that
could be better spent on developing new ideas and technologies that would increase wellbeing. Another tactic is to slightly modify a product as a means to re-patent it when an
existing patent expires; this offers no additional value, but is a means of closing access to
information for an additional period. Without the profit motive, research funds would not
be wasted on such activities. Complete disclosure of discoveries and information would
eliminate these drains in resources by providing peer groups and consumers the
opportunity to evaluate products, making it monetarily inefficient for industries to
dedicate resources to the replication of information.
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3.5.2. Consumption side
Patents create private property rights on innovations, allowing them be bought
and sold. Placing a price on information creates a rationing mechanism—only those
willing or able to pay the price receive access to the information. Unless that information
causes harm, additional use of the information creates no additional costs, and may even
provide additional benefit if that information is enhanced. Because information is not a
scarce resource in an economic sense, a rationing mechanism, as created by patents, is
socially inefficient and may lead to the inability to meet society’s desirable ends. In this
section we use examples to show how economic markets can inefficiently allocate critical
information after it has been produced.
NOAA recently reported that the greatest thinning of the ozone layer in history
occurred in 2006 (NOAA 2008). The 1987 Montreal Protocol on Substances That
Deplete the Ozone Layer banned CFCs but allowed HCFCs as replacements since they
offer a 95% improvement on CFCs in terms of ozone depletion. Unfortunately, with an
increase in income in China and India, the demand for refrigerants in the two countries
has resulted in an increase of HCFC consumption (Figure 9), creating a net effect of more
ozone depletion than prior to the ban (ESA 2006, Bradsher 2007). Although, alternatives
to HCFCs that do not deplete the ozone layer exist, royalties from patents increase the
price and hence deter use. This creates a situation in which it would be socially beneficial
to pay China and India to use safer alternatives to HCFCs. Instead we charge them for
the use, leading to potentially catastrophic outcomes.
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Figure 9: Consumption of HCFCs in China, India, and the United States from 1992 until 2007.
Source: UNEP.

Similar examples can be found within the pharmaceutical industry and the
patenting of genetic material (Figure 10). Under the Convention on Biological Diversity
(CBD), countries have sovereign rights over genetic martial within their boundaries,
which includes samples of the avian influenza virus taken from people affected. In 2006,
Indonesia began withholding samples of the virus from the World Health Organization
(WHO) pending a reevaluation of the global mechanism for virus sharing. With this
declaration, Indonesia protested the obligation of WHO members to share virus samples
with no obligation on WHO to then equitably share the benefits (Khoon and De Wildt
2008). The WHO system often developed patented vaccines from viral source material

47

obtained in developing countries and targeted them at wealthy countries, making them
too expensive and inaccessible to the Indonesian population and other developing
countries who often have the highest need for vaccines. As an attempt to protect its
population, Indonesia signed a memorandum of agreement with a private company,
Baxter, to directly sell them samples of the virus in return for free access to the vaccine
(McNeil 2007). Although this may have solved Indonesia’s access problems, it limited
access to the vaccine to the rest of the developing world. Inaccessibility to the vaccines
by a large pool of the poor population dramatically increases the likelihood of a pandemic
and hence creates a social inefficiency.

Figure 10: Annual U.S. patents granted in the ‘Multicellular Living Organisms and Unmodified
Parts Thereof and Related Processes’ (800) and ‘Plants’ (PLT) USPTO classes. Source: U.S. Patent
and Trademark Office.
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In the coming decades, society will undergo an energy transition away from fossil
fuels towards alternative energy sources. The challenge lies in determining which energy
source has the greatest energy return on investment (EROI) and least impact on our
environment. However, in an attempt to gain a competitive edge, companies producing
these technologies patent and copyright all detailed information about the technology,
making it difficult to do an accurate comparison. In a recent meta-analysis done on the
EROI of operational wind turbines (Kubiszewski et al. 2010a), an EROI ranging from
below 1 to approximately 77 was found. Operational turbines provide the best
opportunity to calculate actual EROI, as concrete data for input and output parameters is
available, providing the ability to make accurate comparisons to other energy sources.
However, this data is kept secret, making it inaccessible to perform analyses and for
society to determine which energy source to transition to or even which source to invest
funds in.
Other examples with similar dire results exist, including ones that are more
hypothetical, such as inventing a clean, renewable, decentralized, and carbon free
alternative to fossil fuels but patenting it and charging royalties so high that poorer
countries continue to burn coal, allowing global climates to become unstable. Figure 11 is
a map of the proportional distribution of the 312 thousand patents granted in 2002
globally. While Figure 12 shows the royalties and license fees received on grants or
copyrights that same year. The United States received over $44 billion that year, making
up approximately 53% of the global $83.8 billion paid for the use of ideas, technology,
artistic work, and societal knowledge. Restricting access to existing information that
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protects or enhances public goods creates social costs when those restrictions serve no
purpose within society. Most economists agree that including costs above market price
generates social and resource allocation inefficiencies.

Figure 11: This map presents a 2002 distribution of the 312 thousand patents granted that year,
globally. The territory size indicates proportion of patents granted. Source: WorldMapper,
Copyright 2006 SASI Group (University of Sheffield) and Mark Newman (University of Michigan).

Figure 12: This map presents a 2002 distribution of the $83.8 billion paid in royalties or licenses
that year, globally. The territory size indicates earnings (in purchasing power parity). Source:
WorldMapper, Copyright 2006 SASI Group (University of Sheffield) and Mark Newman
(University of Michigan).
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3.6. Alternative incentive structures
Because the market is unable to (1) properly allocate resources towards public
goods that are most likely to be the desirable ends in today’s world of climate change,
fossil fuels, water scarcity, etc.; (2) increase production costs for restricting access to
information, rent seeking behavior, or transaction costs; and (3) decrease consumption
benefits through price rationing that creates artificial scarcity, alternative incentive and
allocation mechanisms are required. Throughout history, various incentive schemes have
been used to successfully encourage development of specific technologies or solutions to
specific scientific problems. Here we review some of these systems and proposed some
new ones.
3.6.1. Prizes
One of the most popular alternative allocation methods has been rewarding
innovations with monetary prizes and then releasing the information into the public
domain, this includes France offering a prize for the development of the workable water
turbine in the seventeenth century (Reynolds 1983), a century long reward, around the
same time, for the development of a method to calculate longitude while at sea (Sobel
and Armstrong 1995), or more recently, a prize for sending the first private astronaut into
space (Schwartz 2004). The use of monetary prizes as an incentive to develop specific
information has certain advantages over the use of intellectual property rights. It allows
society, and not just the market to decide on which innovations would be most beneficial.
Because corporations would be rewarded monetarily through the prize, patents would no
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longer be necessary on the innovations, allowing the information to be released to the
public domain and utilized by more researchers (Stiglitz 1999a). However, this approach
does fail to address the issue of firms competing for a prize instead of collaboratively
working together during the production process, thus losing the gains to cooperation
during the process.

3.6.2. Non-Monetary Incentives
Certain industries do not use monetary incentives as a reward structure. Open
source software has recently reemerged as a strong competitor to patented software and
in certain circumstances significantly exceeding its quality (e.g. Firefox vs. Internet
Explorer) (Bitzer et al. 2007). Within this open source community and many academic
fields, a type of incentive structure exists based on an individual’s reputation amongst his
colleagues for contributions to the field. This system rewards based on how quickly
discoveries are made and how quickly they are published within the community
(Dasgupta and David 1994).
In academia, mathematical theorems cannot be patented, and yet many
mathematicians continue to work on their development. The extent of the reward given
to an academic working within this system is determined by the community as a whole.
The community assesses the quality of the discovery, after it’s publication, on the criteria
of how much it benefits that community and how much it furthers that community’s
knowledge. The rewards may be monetary in the form of a promotion but commonly
consist of such things as honorific awards, positions at more prestigious universities,
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tenure, large citation numbers, colleagues’ esteem, and overall status. The size of the
reward is dependent on how much the discovery benefits the community, or in other
words, how much it advances the community’s efforts towards a single goal or vision.
This communal vision is established not by the market but by the community as to what
the most desirable ends are.
Besides advancing knowledge in the entire community, the act of publication also
serves two other purposes. First, it ensures that the discovery does not remain within the
confines of a group which may not have the resources or ability to utilize that discovery
to it’s fullest. Second, the ability for peers to evaluate the discovery, the opportunity for
errors is significantly minimized (Dasgupta and David 1994). However, once a discovery
is completely disclosed to the community through publication, it becomes simple for
others to copy portions of the published work and claim to have also independently done
the research. Consequently, academia does not reward second place discoveries,
encouraging academics to collaborate instead of competing to discover and publish first.
The passing of the Bayh-Dole Act of 1980, provided universities an impetus
towards commercial innovations, creating an increasing trend in patenting (Figure 5) as a
means of additional monetary rewards (Mowery et al. 2001, Sampat 2006). Subsequent
policies have strengthened privatization of research results by giving priority to anyone
involved in a project that wants to patent information over the objections of anyone who
believes the discovery should be placed in the public domain (Eisenberg 1996). Moving
away from monetary incentive structures and towards those dependent on peer opinion
would provide strong impetus to release all information into the public domain.
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3.6.3. Capping salaries
Historically, inventors worked independently in either the pursuit of profit (e.g.
Thomas Edison) or to contribute to the public good (e.g. Nikola Tesla). Today, the
majority of scientists work within the private or public sectors, with defined salaries. The
rights to any patents they procure are assigned to the organizations that they work for,
eliminating much of the incentives for the individual scientists to research one type of
information over another. By capping salaries amongst the different sectors, scientists
would have no incentive to work for corporations such as Bristol Meyers Squibb over the
National Institute of Health. A natural cap could be forced by taking away the right of
major corporations to patent drugs that are beneficial to society. Through their choice of
organizations, scientists would have the discretion of deciding on how the results of their
research were to be utilized. By offering competitive salaries, the government would have
the opportunity to promote the type of research most beneficial to society.

3.6.4. Research Consortium
A global research consortium should determine appropriate technologies for
alternative energy, agroecology, green chemistry, industrial ecology, and so on in
collaboration with those who would use them. These new technologies could be
“copylefted” (as opposed to copyrighted), meaning that they are freely available for
anyone to use as long as derivative products are available on the same terms (Bollier
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2003). This would allow the consortium to determine that the research priority included
finding an alternative, clean sources of energy, protecting the ecosystem services,
managing fresh water efficiently, or feeding the world’s hungry. This institution would
consider the global well-being of the population instead of purely economic demand.

3.6.5. Publicly funded research
Potential also exists to move away from the market in funding certain types of
research. In the 1950’s and 1960’s the government funded much more than half of all
research and development, but by 2006, it funded only 28% (Figure 13). By increasing
the proportion of publicly funded research and placing all information obtained through
publicly funded research into the public domain, monopoly pricing on this technology
would no longer be an option, creating both open information and competition for further
advancements, two critical aspects to the proper functioning of the market. It would also
eliminate ‘me too’ research, using resources more efficiently. Taxpayers would still be
required to fund further advancements in research through the price of goods, however,
that price would be set by a market instead of by a single corporation. Patents also create
a strong incentive to research information that is potentially commercializable instead of
basic research (Salter and Martin 2001) or applied research that provides and protects
public goods, which has historically been an important resource for other researchers in
both the public and private sectors (Scotchmer 1991). Placing information into the public
domain would take the focus away from commericalizable items and refocus research on
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areas most necessary for solving society’s problems (Stiglitz 1999a, b, 2002, Stern et al.
2006).

Figure 13: Sources of funding for research and development in the US. Source: National Science
Foundation, Division of Science Resources Statistics (SRS).

Large governmental grants can also be used to bring together top researchers in
specific fields from multiple corporations, universities, and governmental agencies to
work together toward common goals. Besides placing the smartest people on a certain
topic together to exchange ideas, it would also create collaboration between different
institutions and avoid the competition that usually occurs. The information produced
would be released into the public domain, allowing the entire world, including
developing countries, to benefit. Such systems were used to spur both the Green
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Revolution and to get humans to the moon, creating remarkable scientific advancements
in short periods of times, and in one case deterring a mass famine.
Additional public funding for R&D could be made available through the taxing of
certain excludable goods within specific industries. As an example, the computer
industry has been having significant difficulties in stopping the pirating of software.
Software, due to its nature, should not be an excludable good because after it is
developed, the creation of an additional copy has insignificant marginal costs associated
with it. This creates a significant social inefficiency. If a system were established in
which the hardware was taxed and the revenues used to fund software development that
was provided freely to the users, this would eliminate the social inefficiency. Similar
taxes can be placed on the energy industry. Technologies based on fossil fuels and use of
the fuels themselves could be taxed (or permits auctioned) and that money could be
directed towards the development of alternative energy technologies. Such a tax would
have multiple advantages, including the reduction of greenhouse gas emissions (Barnes et
al. 2008).

3.7. Conclusion
Goods and services that improve with use, such as information, require alternative
incentive structures. Although market-based allocation systems have the advantage of
providing incentives to create new information, they fail to correctly determine what
information needs to be produced to reach society’s desired ends or how that information
should be allocated once it’s produced. With consumptive goods no longer necessary to
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improve well-being, but information that improves and protects public goods being
requirement, a different allocation system is required for both the production and
consumption side of information. Since information is the basis of economic production,
common ownership of information would significantly increase information transfer and
produce a greater rate of innovation. It will also provide a means of allocating
information towards the desirable ends of society and the common good by allowing a
larger number of scientists and researches access to the information.
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CHAPTER 4: META-ANALYSIS OF NET ENERGY RETURN FOR WIND
POWER
4.1. Abstract
This analysis reviews and synthesizes the literature on the net energy return for
electric power generation by wind turbines. Energy return on investment (EROI) is the
ratio of energy delivered to energy costs. We examine 119 wind turbines from 50
different analyses, ranging in publication date from 1977 to 2007. We extend on previous
work by including additional and more recent analyses, distinguishing between important
assumptions about system boundaries and methodological approaches, and viewing the
EROI as function of power rating. Our survey shows an average EROI for all studies
(operational and conceptual) of 25.2 (n=114; std. dev=22.3). The average EROI for just
the operational studies is 19.8 (n=60; std. dev=13.7). This places wind in a favorable
position relative to fossil fuels, nuclear, and solar power generation technologies in terms
of EROI.

4.2. Introduction
Wind energy is one of the fastest growing energy systems in the world. Global
installed annual wind capacity grew by more than 31 percent from 1997 to 2007 as seen
in the global annual installed wind power capacity graph created by the Global Wind
Energy Council (Figure 14), and will approach 100,000 MW by the end of 2008 (2007).
The surge in wind energy is due to a combination of factors, including reduction in the
cost of wind turbines, volatile and high prices for conventional forms of energy, the
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demand for non-carbon forms of energy to mitigate the effects of climate change, and
favorable policies such as feed-in tariffs in Europe and renewable portfolio standards in
the United States. Despite the impressive growth, wind energy still accounts for a small
fraction of total installed power generation.

Figure 14: Global annual installed wind power capacity. Source: Global Wind Energy Council,
http://www.gwec.net/, retrieved 9 September 2008.

Global electricity use is projected to double from 2005 to 2030, with its share of
final energy consumption rising from 17 to 22 percent (2008). How will the increase in
demand be met, particularly in light to the increasing pressure to reduce carbon
emissions? A variety of alternatives are proposed, including wind, biomass, various
forms of solar power, nuclear, fossil fuel systems with carbon sequestration, among
others. A variety of techniques are available to compare power generation systems,
including life cycle analysis (LCA), learning or experience curves, and various forms of
economic and financial analysis.
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Another technique for evaluating energy systems is net energy analysis, which
seeks to compare the amount of energy delivered to society by a technology to the total
energy required to find, extract, process, deliver, and otherwise upgrade that energy to a
socially useful form. Energy return on investment (EROI) is the ratio of energy delivered
to energy costs (Cleveland et al. 1984). In the case of electricity generation, the EROI
entails the comparison of the electricity generated to the amount of primary energy used
in the manufacture, transport, construction, operation, decommissioning, and other stages
of the facility's life cycle (Figure 15). Comparing cumulative energy requirements with
the amount of electricity the technology produces over its lifetime yields a simple ratio
for energy return on investment (EROI):

EROI = (cumulative electricity generated) / (cumulative primary energy required)
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Figure 15: Energy outputs and energy costs of a power generation facility.

This analysis reviews 119 wind turbines from 50 different analyses, ranging in
publication date from 1977 to 2007. We extend the work of Lenzen and Munksgaard
(Lenzen and Munksgaard 2002) by including additional and more recent analyses,
distinguishing between important assumptions about system boundaries and
methodological approaches, and viewing the EROI as function of power rating. Our
survey shows average EROI for all studies (operational and conceptual) of 25.2 (n=114;
std. dev=22.3). The average EROI for just the operational studies is 19.8 (n=60; std.
dev=13.7). This places wind in a favorable position relative to fossil fuels, nuclear, and
solar power generation technologies in terms of EROI.
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4.3. Importance of net energy
Economies with access to energy sources with a large energy surplus have greater
potential for economic expansion and/or diversification than those with access to lower
quality fuels (Cottrell 1955). The history of the expansion of human civilization and its
material standard of living is directly linked to successive access to and development of
fuel sources with increasingly greater energy surpluses (Hall et al. 1986). The transitions
from animate energy sources such as plant, biomass, and draft animals, to wind and water
power, to fossil fuels and electricity enabled increases in per capita output due to
increases in the quantity of fuel available to produce non-energy goods. The transition to
higher surplus fuels also enabled social and economic diversification as decreasing
amounts of energy were used in the energy securing process, meaning more fuel was
available to support non-extractive activities.
An EROI = 1 is an absolute cutoff point for an energy source, the point at which
as much energy is used to deliver a unit of energy as that unit yields. The EROI for crude
oil has declined over time, and may continue to do so as the resource base is depleted
(Cleveland 2005). Smaller, deeper, and more remote fields require more energy to
develop. Alternatives to crude oil such as ethanol from corn and coal liquefaction deliver
a lower EROI because a significant amount of energy is needed to process the feedstock
itself (corn or coal) (Cleveland 2007). Economic growth and rising standards of living
may be more difficult to maintain than they were 50 years ago when wealth was
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produced by the massive energy surplus associated with the discovery of the Earth's great
oil fields in the first half of the twentieth century.
EROI is a tool of net energy analysis, a methodology that seeks to compare the
amount of energy delivered to society by a technology to the total energy required to find,
extract, process, deliver, and otherwise upgrade that energy to a socially useful form. Net
energy analysis was developed in response to the emergence of energy as an important
economic, technological, and geopolitical force following the energy price increases of
1973-74 and 1980-81. Interest in net energy analysis was rekindled in recent years
following another round of energy price increases, growing concern about energy's role
in climate change, and the debate surrounding the remaining lifetime of conventional
fossil fuels, especially crude oil. It typically is assessed along with material flows in life
cycle analysis (LCA) of energy systems (e.g., (Pacca et al. 2007)).

4.4. Methodological Issues
4.4.1. System Boundary
The choice about system boundaries is perhaps the most important decision made
in net energy analysis, and, for that matter, in other analytical approaches a well. One of
the most critical differences among the diverse studies is the number of stages in the life
cycle of an energy system that are assessed and compared against the cumulative lifetime
energy output of the system. These stages include the manufacture of components,
transportation of components to the construction site, the construction of the facility
itself, operation and maintenance over the lifetime of the facility, overhead, possible grid
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connection costs, decommissioning, and recycling of component materials. Energy
systems have external costs as well, most notably environmental and human health costs,
although these are difficult to assess in monetary and energy terms. External costs are
excluded from our analysis.

4.4.2. Methodology
Two individual types of net energy analysis techniques are used to calculate the
net energy derived from wind power: process analysis and input-output analysis. A third
type, called hybrid analysis, is a combination of the two. Process analysis assesses the
energy used directly in each successive step of the production of a good or service. The
energy input-output approach is more comprehensive than process analysis and is
analogous to and derived from the input-output matrix used in standard economic
analyses. The assumptions, strengths, and weaknesses of the two approaches have been
discussed elsewhere in detail (e.g. (Bullard et al. 1978, Spreng 1988)).

4.4.3. Operating Characteristics
Many analyses must make important assumptions regarding the operating
characteristics of wind turbines. These include power rating, assumed lifetime, and
capacity factors. Changes in the assumptions made about these factors, or deviations in
actual operating conditions from assumed conditions can have a significant impact on
results.
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4.4.4. Conceptual versus Empirical Studies
Some studies use the theoretical or ideal operating characteristics of a wind
turbine that are derived from simulated or assumed costs and operating conditions, e.g., a
wind turbine of a given power rating, costing a certain dollar amount, in a location with
an assumed wind power density, with an assumed capacity factor, and so on. Of course,
actual operating conditions always deviate from assumed conditions. Empirical analyses
rely on actual costs, operating conditions, and energy outputs, and thus provide a better
metric of an energy system's contribution to a nation's energy supply. This article focuses
primarily on empirical studies based on actual operational data.

4.5. Results
Table 1 provides the detailed technical results of the wind studies. The data
include year and location of the study, key technical assumptions such as load factor,
power rating and lifetime, system boundaries, the type of net energy method used, certain
environmental variables, and EROI. The table also distinguishes between studies based
on actual performance of a wind system and conceptual studies based on theory or
simulations.
The average EROI for all studies (operational and conceptual) is 25.2 (n=114; std.
dev=22.3). The average EROI for just the operational studies is 19.8 (n=60; std.
dev=13.7).
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1980

1980

1981

1983

1983

1983

1983

1983

(Lenzen and
Munksgaard
2002)

(Lenzen and
Munksgaard
2002)

(Lenzen and
Munksgaard
2002)

(Lenzen and
Munksgaard
2002)

(Lenzen and
Munksgaard
2002)

(Lenzen and
Munksgaard
2002)

(Lenzen and
Munksgaard
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Ref

1977

Year of Study

(Lenzen and
Munksgaard
2002)

Location
Germany

Germany

Germany

Germany

Germany

USA

UK

UK

USA

Operational/
Conceptual
o

o

o

o

o

o

c

c

c

EROI
1.3

8.3

5.0

3.4

2.3

1.0

6.1

12.5

43.5

Power Rating
(kW)
3000

32.5

12.5

6

2

3

1000

1000

1500

Life time (yr)
20

15

15

15

15

20

25

25

30

Capacity
Factor (%)
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45.7

45.7

45.7

45.7

45.7

26.8

18.3

18.3

50.4

Analysis
Type
I/O

I/O

I/O

I/O

I/O

I/O

I/O

I/O

I/O

CM

CM

CM

CM

CM

CMO

CM

CM

BCEMT

Scope as
Stated

Energy
Payback
Time (yr)

CO2 Intensity
(gCO2/kWh)

Table 1: Metadata Analysis of Wind Power Systems
Turbine
Information
2 blades

2 blades

On/off shore
on

Rotor
Diameter (m)
100

4.3

46

46

60

Hub Height
(m)
100

20

50

10.1

18.4

18.4

10.5

Wind Speed
(m/s)
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Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Denmark

Denmark

o

o

o

o

c

c

o

o

o

o

o

19.6

14.7

20.4

11.8

22.2

27.0

32.3

18.9

32.3

47.6

71.4

8.81

95

95

33

30

3000

300

225

45

300

150

95

20

20

20

20

20

20

20

20

20

25

20
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20.5

20.5

29.4

14.4

34.2

39.9

39.9

33.5

28.9

30.1

25.2

PA

PA

PA

PA

PA

PA

PA

PA

PA

PA

PA

M

CGMT

M

CGMOT

M

M

M

M

CMT

M

M©

3 blades

3 blades

2 blades

2 blades

3 blades

3 blades

on

on

19

19

14.8

12.5

80

32

27

12.5

32

19

22.6

22.6

22

14.8

34

22.6
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13

11.5
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Japan
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Germany
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Germany

Germany

Germany

Germany

Germany

o

c

o

o

o

o

o

o

o

o

o

2.9

37.0

11.2

4.0

15.4

20.8

15.6

18.9

27.0

20.4

16.7

95.6e

71.7e

100

300

0.3

100

3000

450

265

200

165

150

100

20

20

20

20

20

20

20

20

20

20

20
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31.5

41.9

38.8

31.5

30.4

20

19

21

23.2

25.6

20.9

I/O

PA

PA

I/O

PA

PA

PA

PA

PA

PA

PA

CMOT

CDGMOT

CDMOT

CMT

GM

GM

M

M

M

M

M
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3 blades

2 blades

3 blades

2 blades

3 blades

3 blades

3 blades

2 blades

32

1.5

100

35

52

26

25

23

34

34

11.6

100

36

30.5

30

32

30

24.2

9

12

18

8.5

13

13.5

13
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Germany
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Japan

o

o

o

o

o

o

o

o

o

o

o

5.0

3.1

23.8

14.7

45.5

21.7

18.5

30.3

22e

14e

28

52

9.1

8.1

18.2e

11e

33.7

1000
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150

30

350

500

300
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300

100
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20

20

20

20

20

20

20

20
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30

30
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18.5

18.5

7.6

7.9

30

36.5

22.8

27.4

22.8

40

28

I/O

PA
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PA

PA

PA

I/O

PA

I/O

I/O

CMO

CMO

CDGMOT

CDGMOT

M

M

MO(D)

CM

CDMOT

CMOT

CMOT
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3 blades

3 blades

2 blades

3 blades

2/3
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1983

54

54

23.8

12.5

30

39

30

30

55

55

30

22

30

41

11.4

15

10

13
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Denmark
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Denmark

Germany
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UK

o

o

o

c

o

o

o

o

o

o

o

10.0

8.1

8.3

28.6

8.3

11.4

8.5

5.8

2.2

2.3

10

17

24.1e

34.9e

47.4e

123.7e

123.6e

25

30

22

15

1000

100

400

300

170

100

100

6600

20

20

20

20

20

20

20

20

20

30

20

71

19

19.9

20.5

36.2

31.4

18

18

22.5

18

20

29

I/O

I/O

I/O

PA

PA

I/O

I/O

I/O

I/O

I/O

I/O

CMO

CMO

CMO

CMO

CMO

CMO

CMO

CMO

CMO

CMO

CDMO

1980

1980

1980

3 blades

3 blades

1984

11

10.5

10

60

20

31

28

27

30

19

18

18

50

30
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1997
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1998
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Germany

Germany

Germany

Germany

Argentina

Argentina

Argentina

Denmark

Denmark

Denmark

Denmark

o

o

o

o

c

c

c

o

c

o

o

14.1

21.7

15.4

23.8

12.5

8.3

5.9

50.0

33.3

27.0

15.2

18

29

42

15.9

1500

1500

500

500

225

30

2.5

400

1500

600

55

20

20

20

20

20

20

20

20

20

20

20

72

31

31

29.6

29.6

22

22

22

22.8

38.4

26.5

20.6

I/O

PA

I/O

PA

PA

PA

PA

PA

I/O

I/O

I/O

CGMOT

CGMOT

CGMOT

CGMOT

CMT(O)

CMT(O)

CMT(O)

M(O)

CMO

BCDEGMOT

CMO

3 blades

3 blades

3 blades

3 blades

3 blades

3 blades

1980

off

66

66

40.3

40.3

64

47

16

67

67

44

44

55

50

20

17

15

73

1999

1999

1999

1999

1999

2000

2000

2000

2000

2000

2001

(Lenzen and
Munksgaard
2002)
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2002)

(White and
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1998)

(White and
Kulcinski
1998)

(White and
Kulcinski
1998)
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2002)
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Japan

Belgium

Belgium

Italy

Denmark

Denmark

USA

USA

USA

India

Germany

o

o

o

o

o

o

o

o

o

c

c

6.3

27.8

30.3

7.7

76.9

51.3

39.0

17.0

23.0

31.3

26.3

39.4

7.9e

9.2e

36.15

9.7

16.5

8.9

20.2

14.4

100

600

600

2500

500

500

750

600

342.5

1500

1500

25

20

20

20

20

25

20

30

20

20

73

34.8

34.2

34.2

40

40

35

31

24

45.9

31

0.26

0.39

I/O

I/O

PA

I/O

I/O

I/O

I/O

PA

PA

CMT

DM(O)

DM(O)

MCO

MTCGOD

MTCGOD

(B)CDMOT

(B)CDMOT

(B)CDMOT

CDGMOT

CDGMOT

3-blades

Zond Z46

Tacke
600e

Kenetech
KVS-33

E-66

on

off

on

on

on

30

39

46.0

46.0

32.9

66

66

30

41.5

40.5

48.5

60.0

36.6

67

67

16

6.1

74

2001

2002

2003

2003

2003

2004

2004

2004

2004

2004

2004

2004

(Lenzen and
Munksgaard
2002)

(Gagnon et
al. 2002)

(Khan et al.
2005)

(Khan et al.
2005)

(Khan et al.
2005)

(Lenzen and
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2004)

(Lenzen and
Wachsmann
2004)

(Lenzen and
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2004)

(Lenzen and
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(Lenzen and
Wachsmann
2004)
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2004)

(Lenzen and
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Germany
and Brazil

Germany
and Brazil

Germany

Germany

Germany

Germany

Germany

Canada

Canada

Canada

USA

Brazil

c

c

c

c

c

c

c

c

c

c

c

o

21.2

22.5

4.9

4.7

6.2

7.8

8.4

109.6

125.8

123.5

80.0

14.5

16

15

77

81

61

48

45

3.7

7.1

10

8.16e

500

500

500

500

500

500

500

500

500

500

500

20

20

20

20
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PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PA

PA

PA

I/O

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MCTOD

MCTOD

MCTOD

TCO

CGMOT

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

3 blades;
E-40

on

on

on

on

on

on

on

40.3

40.3

40.3

40.3

40.3

40.3

40.3

40.3

55

44

65

55

55

55

44

44

7.5

7.5

7.5

7.5

7.5

7.5

7.5
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2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004
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2004)
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(Lenzen and
Wachsmann
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(Lenzen and
Wachsmann
2004)
Brazil

Brazil

Brazil

Germany
and Brazil

Germany
and Brazil

Germany
and Brazil

Germany
and Brazil

Germany
and Brazil

Germany
and Brazil

Germany
and Brazil

Germany
and Brazil

c

c

c

c

c

c

c

c

c

c

c

24.0

30.0

32.7

16.4

15.6

20.0

25.7

27.7

12.4

12.0

16.4

3

3

3

12

13

10

8

8

26

27

20

500

500

500

500

500

500

500

500

500

500

500

75

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

on

on

on

on

on

on

on

on

on

on

on

40.3

40.3

40.3

40.3

40.3

40.3

40.3

40.3

40.3

40.3

40.3

55

55

44

65

55

55

55

44

65

55

55

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5
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2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

(Lenzen and
Wachsmann
2004)

(Lenzen and
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2004)

(Lenzen and
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2004)

(Lenzen and
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2004)
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2004)
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2004)
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2004)
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and Pick
2004)
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Germany

Germany

Germany

Germany

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

c

c

c

c

c

c

c

c

c

c

c

38.0

53.0

70.0

14.8

25.7

25.7

32.7

40.0

40.0

18.9

18.9

3

3

2

2

2

4

4

500

500

500

5000

500

500

500

500

500

500

500

20

20

20

20
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50

0.53

0.38

0.29

0.33

PA

PA

PA

PA

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

PAI/O

MCTO

MCTO

MCTO

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

MTCOD

Enercon
E-40

Enercon
E-40

Enercon
E-40

Repower
Systems
AG

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

Enercon
E-40

on

on

on

off

on

on

on

on

on

on

on

40.3

40.3

40.3

126.5

40.3

40.3

40.3

40.3

40.3

40.3

40.3

65

55

44

95

65

55

55

55

44

65

55

9.2

7.5

7.5

7.5

7.5

7.5

7.5

7.5

77
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2004
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2006
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(Wagner
and Pick
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(Hondo
2005)
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2005)

(Ardente et
al. 2008)

(Pehnt
2006)
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2006)

(Pehnt
2006)

(Pehnt
2006)
Germany

Germany

Germany

Germany

Italy

Japan

Japan

Germany

Germany

Germany

c

c

c

c

o

c

c

c

c

c

32.3

29.4

32.7

30.0

19.2

39.0

50.0

64.0

8.9

10.2

8.9

10.2

14.8e

20.3

29.5

2500

1500

2500

1500

7260

400

300

1500

1500

1500

20

30

30

20

20

20

20

20

0.52

0.4

0.32

I/O

PAI/O

PAI/O

PA

PA

PA

MCOTD

MCOTD

MTCOD

MTCOD

MTCOD

CMO

CMO

MCTO

MCTO

MCTO

Enercon
E-66

Enercon
E-66

Enercon
E-66

off

on

on

on

on

on

50

66

66

66

55

67

67

67

77

Notes: I/O=Input–output-based analysis, PA=Process analysis, c=conceptual, o=operating, B=Business management, M=Manufacture, T=Transport, C=Construction, G=Grid
connection, O=Operation&Maintence, D=Decommissioning, e=CO2 equivalents including CH4 and N2O, ()=partly covered.

2004
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2004)

4.6. Discussion
4.6.1. EROI and Power Rating
One of the striking features of the studies is that the average EROI generally
increases with the power rating of the turbine (Figure 16). Figure 16 solely looks at
operational wind turbines with a power rating below one megawatt. Turbines above one
megawatt were not included due to lack of reliable data.

Figure 16: EROI for operational wind turbines below 1MW as a function of power rating in
kilowatts.

The results found in Figure 16 may be due to a combination of factors, including
larger wind turbines creating economies of scale, more efficient technology, greater rotor
diameters increasing the load factor, and higher hub heights providing access to greater
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wind speeds. These factors are derived from those found to be important in the creation
of experience curves which show a decrease of wind turbine price over time (Neij 1997).
First, smaller wind turbines represent older, less efficient technologies. The new
turbines nearing the megawatt (MW) range embody many important technical advances
that improve the overall effectiveness of energy conversion. Such developments include
improved aerodynamic profiles, increasing the peak efficiency approximately 8%
between the early 1980 and early 1990 (Gipe 1995). Although larger turbines require
greater initial energy investments in materials, the increase in power output due to
improvements more than compensates for this over the lifetime of the turbine.
Second, larger turbines have a greater rotor diameter, which determines swept
area, probably the most important design element that affects generating power potential.
A turbine with respectable power rating but a rotor diameter so small that it can't capture
that power until the wind speed reaches very high velocities will not yield a high annual
energy output. Again, larger rotors require greater initial energy investments in
materials, but the increase in power output more than compensates for this.
Figure 17 demonstrates how an increase in rotor diameter produces an increase in
EROI. These conclusions are consistent with the finding that commercial wind farms
have moved towards larger turbines that are less expensive on a levelized basis with
regard to installation, operation, and maintenance. The greater cost efficiency of larger
turbines is largely attributed to economies of scale and learning by doing. Accordingly,
under a similar assumption, larger turbines have a greater EROI.
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Figure 17: EROI for operational wind turbines below 1MW as a function of rotor diameter in
meters.

Another reason that larger turbines have a larger EROI is the well-known "cube
rule" of wind power, i.e., the power available from the wind varies as the cube of the
wind speed. Thus, if the wind speed doubles, the power of the wind increases eight times.
New turbines are taller than in earlier technologies, and thus extract energy from the
higher winds that exist at greater heights. Figure 18 shows the affect of wind speed on
EROI. Surface roughness —determined mainly by the height and type of vegetation and
buildings — reduces wind velocity near the surface. Over flat, open terrain in particular,
the wind speed increases relatively quickly with height.
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Figure 18: EROI for operational wind turbines below 1MW as a function of wind speed in meters
per second.

4.6.2. Comparison with other power systems
The EROI for wind turbines compares favorably with other power generation
systems (Figure 19). Coal accounts for about 40% of global electricity generation (2008)
and has an EROI of about 8.0. It is a mature technology where technical improvements
are not likely to significantly improve generation efficiency, and thus the EROI will
remain fairly stable. Adding carbon sequestration technology to coal combustion will
increase the energy cost of power generation. Hydropower has a relatively high EROI
(about 12), but on a global scale it has a modest potential for expansion.
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Figure 19: EROI for power generation systems. Nuclear (1) represents the average and standard
deviation for the entire sample of analyses reviewed by Lenzen (2008). Nuclear (2) omits the
extreme outliers from Lenzen’s survey, and thus represents a better assessment of what the EROI
for nuclear is likely to be. See text for description of further sources.

The comparison with nuclear power is complicated by a number of factors. The
system boundary looms large for nuclear power because the fuel cycle has many steps,
and because many of the important stages are upstream (mining, milling, enrichment) or
downstream (decommissioning, waste disposal) from the generation stage. The data
presented in Figure 16 are from (Lenzen 2008) comprehensive survey of the life cycle
energy and greenhouse gas emissions of nuclear energy based on 52 unique analyses.
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The complete sample yields an average EROI = 15.8, but with a very large standard
deviation (28.0). The 52 studies exhibit a wide range in the number of stages that are
assessed, which explains some of the huge variation in EROI. Most of the studies with
EROI in the upper range shown in Figure 16 exclude multiple stages of the fuel cycle,
and thus generate unrealistically high EROI. Excluding those outliers produces an
average EROI=9.1, but still with a large standard deviation (8.0). Readers should also
note that two-thirds of the analyses in Lenzen’s nuclear review (Lenzen 2008) date from
1980 or earlier, and thus do not represent nuclear power plants currently being built, or
any plants that will be built in the future. Suffice it to say that there remains significant
uncertainty regarding the energy costs associated with nuclear power.
The EROI for wind is demonstrably higher then the current EROI for photovoltaic
(PV) power generation. Our review of LCAs and net energy assessments for PV systems
from 1997 through 2007 produced an average EROI of about 6.5 (s.d.=4.7). The vast
majority of these studies were simulations that assumed specific lifetimes, locations,
module efficiencies, solar intensities, and other operating characteristics. Like the wind
and nuclear analyses, the PV studies exhibit a wide range in terms of scope, with
decommissioning and recycling stages often excluded. Ceteris paribus, the ongoing
improvements in PV module efficiency will tend to improve the EROI over time.

4.6.3. Challenges facing wind energy
Does the high EROI for wind power presented here guarantee that wind will
assume a major role in the world's power generation system? There are a number of
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issues surrounding wind energy that require resolution before that happens. These issues
have been discussed in detail elsewhere, and are summarized here:
The dramatic cost reductions in the manufacture of new wind turbines that has
characterized the past two decades may be slowing (Junginger et al. 2005) due to a
variety of economic, financial, and technical reasons. Recently this is particularly true in
light of the rising energy and commodity prices, which are slowly escalating turbine
costs. The rising global demand for turbines is also driving prices upward.
The uncontrolled, intermittent nature of wind poses unique challenges to grid
management relative to operator-controlled (baseload) resources such as coal, gas, or
nuclear generation (Ostergaard 2006).
Much of the wind resource base is located in remote locations, so costs exist in
getting wind-generated electricity from the local point-of-generation to a potentially
distant load center.
The remoteness of the wind resource base also generates increased costs of
developing land with difficult terrain or that which is increasingly removed from
development infrastructure (such as major roads, rivers, or rails capable of transporting
the bulky and heavy construction equipment). Little is known about the extent of these
costs.
At about 6 or 7 megawatts per square kilometer of net power potential, wind
plants are necessarily spread-out over a significant land area (Smil 2006). Thus, wind
plants must compete with alternative uses of these land resources. This is especially true
when the land is a significant source of aesthetic and/or recreational value.
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Government subsidies have spurred the development of wind energy (Mulder
2008). But subsidies are always subject to political whims, and thus constitute a
significant issue for the wind industry, creating uncertainty for long-term planning and
preventing faster market development.
There is also concern about the impacts of wind energy on birds and bats (Kunz et
al. 2007). Considerable additional research on operational wind facilities is required to
provide a comprehensive assessment of the potential magnitude of these risks.
None of these challenges are necessarily insurmountable. Indeed, some of them
may be relatively modest in cost terms when fully assessed. The point here is simply that
an EROI is crucial but is not independently a sufficient condition for the continued
widespread expansion of wind energy.

4.6.4. Difficulties in Calculating EROI
Our analysis illustrates the longstanding observation that EROI is sensitive to the
choice of system boundaries (Bullard et al. 1978, Mulder and Hagens 2008). Studies
using the input-output analysis have an average EROI of 12 while those using process
analysis an average EROI of 24. Process analysis typically involves a greater degree of
subjective decisions by the analyst in regard to system boundaries, and may be prone to
the exclusion of certain indirect costs compared to input-output analysis (Bullard et al.
1978).
Operational wind turbines offer the best opportunity to calculate real EROI, as
concrete data for input and output parameters can be used. However, practical obstacles
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interfere with data availability. For example, data retrieval related to turbine transport or
construction material/volume becomes complicated by the involvement of multiple
contractors, inconsistencies in record keeping, and other factors. Additionally, wind
turbine developers or owners/operators may be unwilling to provide data due to
confidentiality and competitive restrictions (this is especially true for production data), or
the time required to collect information. These constraints give rise to the need for
estimation, which increases the level of uncertainty even for operational turbines.

4.7. Conclusions
This analysis reviews the extant literature on the net energy return from wind
energy systems, ranging in date from 1977 to 2007. Our survey shows average EROI for
all studies (operational and conceptual) of 25.2 (n=114; std. dev=22.3). The average
EROI for just the operational studies is 19.8 (n=60; std. dev=13.7). This places wind in a
favorable position relative to other forms of power generation, and suggests that wind
energy could yield significant economic and social benefits relative to other power
generation systems. Ongoing technical progress in wind energy technology will
undoubtedly lead to further energy cost reductions. However technical progress and a
high EROI are not sufficient conditions for the continued rapid expansion of wind
energy. A number of social, economic, environmental and regulatory issues need
resolution.
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CHAPTER 5: PERCEIVED CREDIBILITY OF INTERNET ENCYCLOPEDIAS
5.1. Abstract
A vast amount of information is now available online, produced by a variety of
sources with a range of editorial oversight procedures. These range from very centralized
information with multiple layers of review, to no oversight at all. Determining which
information is credible can pose a real challenge for education. An experiment was
designed to determine what webpage characteristics affect academics’ and students’
perception of credibility. It also looked at the tradeoffs between using a centralized and
decentralized editorial oversight system. The experiment looked at five peripheral cues:
(1) presence or absence of an identifiable author, (2) presence or absence of references,
(3) presence or absence of a biased sponsor, (4) presence or absence of an award, and (5)
whether the article is designated as appearing in Encyclopedia Britannica, Wikipedia, or
Encyclopedia of Earth. The results show that the presence of a biased sponsor had a
significant negative effect on perceived credibility. They also show that compared to
Encyclopedia Britannica, both Encyclopedia of Earth and Wikipedia were found to
provide a statistically negative perception of credibility. Brand is a composite
characteristic that takes significant time to develop. The relatively new Encyclopedia of
Earth has not yet developed enough brand recognition to affect credibility.

5.2. Introduction
As academia embraces online information sources, conventional sources are
becoming less utilized. Printed books, volumes of encyclopedias, and hardcopy journals,
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have become secondary sources of information to most college students and professors.
Approximate 73% of college students indicate that they utilize the Internet more then the
libraries (Jones 2002). This shift in information sources has created access to
significantly more information, some with the same high quality as the conventional
sources, but others with significant deficits in quality. Determining the credibility of this
information has fallen upon the students and professors that are utilizing the information.
Many universities have begun providing Internet literacy as part of freshman courses in
the hopes of providing students the skills to evaluate information obtained online
(Metzger et al. 2003c).
One primary cause of the discrepancy between the quality of different online
sources is that much of the information placed on the Web has little editorial oversight
(Flanagin and Metzger 2000, Johnson and Kaye 2004). Anyone can place anonymous
information on the Web, eliminating social and professional peer pressure to ensure
quality (Johnson and Kaye 1998) and increasing the amount of fraud and misinformation
available (Mintz 2002). In theory, editorial review enhances the quality and accuracy of
information; as it can place a name or brand, a reputation, behind the information.
However, the decentralization of information sharing also has advantages. New
information is spread almost instantaneously and can be viewed by millions within a few
hours. It can reach the most remote locations, allowing anyone to assess information and
contribute their knowledge to the conversation (Brafman and Beckstrom 2006). Because
everyone can contribute, this potentially increases the quantity of available information
drastically.
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The Internet has also allowed for new forms of dialog and information sharing to
occur. Blogs, forums, wikis, chats, social networks, and other new software being
developed to produce even more options, creating a greater range of editorial oversight.
Centralized information systems exist on the World Wide Web, however, they usually
parallel traditional information sources (Metzger et al. 2003a). Encyclopedia Britannica
is one such example. Started in the 18th century, its volumes have been a staple of
knowledge within educated homes for centuries. A version was copied into digital
format in the early 1980s and online accessibility has grown ever since, while keeping its
editorial oversight and quality assurance. To retain that quality and credibility,
Encyclopedia Britannica utilizes significant resources for hiring staff to solicit and edit
articles, and to manage the content. Such expenses require income to sustain, which is
done by limiting access to free content and charging for full access.
However, relatively new decentralized encyclopedias, such as Wikipedia, have
overtaken Encyclopedia Britannica in number of views (according to Alexa.com). With
millions of people editing, writing, and reading articles, no encyclopedia in history has
had as many contributors, editors, and readers. However, besides the users themselves,
no centralized editorial oversight exists. Anyone can write or delete whatever they
choose. Most of the work and staffing is done on a volunteer basis, and hence requires
few monetary resources to sustain. With all the content freely available, Wikipedia
brings in enough income to run its operations through charitable donations.
Other encyclopedias have arisen in an attempt to find a middle ground between
these two extremes of centralized and decentralized information sources. For example,
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the Encyclopedia of Earth allows for the creation of content by anyone approved onto the
system. Approval is given ensuring appropriate academic credentials within their fields.
Content is written and reviewed by experts before it is released to the public. Most of the
editorial work is done on a voluntary basis, with a limited paid staff for overall
management, allowing all content to be available at no cost to the pubic. This creates a
hybrid model between a centralized and decentralized system by providing some editorial
review and control, with content freely accessible to all.
With an array of available sources, users become responsible for assessing the
credibility of these sources. This has again raised the issue of media credibility and an
analysis of which factors influence the perceived credibility of information on the Web
(Flanagin and Metzger 2000, Fogg et al. 2001, C. Nadine Wathen 2002, Metzger et al.
2003b). Many different aspects of a website may influence the perceived credibility of
information presented.
Persuasion models have been developed historically to determine how individuals
cognitively responded to information within a persuasive message. Various models such
as the Heuristic–Systematic Model (Chaiken and Eagly 1989, Chen and Chaiken 1999)
and Yale Model (Hovland et al. 1953), to name a couple, have been also considered. We
chose to frame this experiment around the elaboration likelihood model (Petty and
Cacioppo 1979, Petty and Cacioppo 1986, Petty et al. 1994, Petty et al. 2002). The
elaboration likelihood model discusses two methods that can be incorporated into a
website to persuade readers that the information is credible. They are a central route and
peripheral route (Petty and Cacioppo 1986). The central route requires users to carefully
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scrutinize the message and to determine the merits of the arguments. The elaboration
likelihood model argues that the central route to persuasion should be utilized if the
message recipient is highly motivated (Petty and Cacioppo 1979) and/or readily able to
comprehend the message (Petty et al. 1976). The peripheral route does not require the
user to analyze the message nor the argument extensively, but often relies on visual
characteristics or other cues embedded in the message. The peripheral route may be
optimal if elaboration likelihood (i.e., the likelihood of recipient motivation and/or
ability) is low.
This research does not test the elaboration likelihood model, per se, but utilizes
the idea that peripheral persuasion cues may affect a users’ perception of credibility of an
online encyclopedia article. The proposition states that the perceived credibility of the
article content may be affected by the environmental characteristics of the message (Petty
et al. 1994). The five peripheral persuasion cues assessed within this study are: (1) the
presence or absence of an author by the name of Dr. Robert Corell, a leading climate
scientist, (2) presence or absence of references, mostly peer-reviewed journals, shown
right below the article, (3) presence or absence of a biased sponsor, namely Exxon Mobil,
(4) presence or absence of an award given to the encyclopedia by the Geosciences
Information Society, and (5) whether the article is designated as appearing in
Encyclopedia Britannica, Wikipedia, or Encyclopedia of Earth, the designation was done
by placing the article within the appropriate web design. These five cues do not require
the user to scrutinize the message nor to determine the merits of the argument itself, but
to use these visuals as a way of perceiving credibility.
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If the peripheral route to persuasion is operating, then perception of credibility
may be increased by:


Hypothesis 1: the presence of an author,



Hypothesis 2: presence of references,



Hypothesis 3: absence of a biased sponsor,



Hypothesis 4: presence of an award, and



Hypothesis 5: the source being given as Encyclopedia Britannica (as opposed to
Wikipedia, or the Encyclopedia of Earth).
Because this study was interested in peripheral persuasion cues as opposed to

utilizing the central route, the content of the encyclopedia was experimentally controlled
by keeping it identical in all three encyclopedias.

5.3. Method
This study empirically tests the peripheral cue hypothesis by experimentally
manipulating these five specific “cue” variables. Altogether, testing these five peripheral
cue factors would require 2x2x2x2x3=48 treatment combinations (or permutations).
Instead of testing all 48 combinations, a 100% D-efficient1 orthogonal design was used,
resulting in 12 combinations, allowing for testing of a significantly reduced set of
combinations.
The experiment was taken by 936 members of academia, including freshman
(171), sophomores (187), juniors (177), seniors (105), graduate students (145), post-docs
1

Efficiency refers to the goodness of an experimental design, where an efficient design has small variance

matrices (Kuhfeld 2005).
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(27), and professors (124) (Figure 20). The participants were made up of 53% females
and 47% males, while 58% came from the social sciences, 38% from the natural sciences,
and 4% from the humanities. They came from 100 different universities and the majority
of the participants (93%) were based in the United States.

Figure 20: The distribution of academic and student participants that took the experiment.

The experiment was distributed to participants, or their professors, via email. The
email directed them to a website which contained instructions, a link to one of the twelve
encyclopedia article combinations, and the questions. Figure 21 is a screenshot of the
instructions and initial questions provided to the participants.
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Figure 21: A screenshot of the instructions and initial questions provided to the participants taking
the experiment.

The participants were randomly assigned to one of the twelve encyclopedia
combinations and asked to answer a set of 37 questions after reading the article
(Appendix 1). The 37 questions included thirteen questions regarding the participants’
backgrounds, six questions about their standard Internet practices, and 18 regarding their
perception of the specific article. The six Internet practice and eighteen perception
questions were on a seven-point scale ranging from 1 = “strongly disagree” to 7 =
“strongly agree.”
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5.4. Results
Information was gathered on 18 individual items as a means of determining which
individual item or set of items might best operationalize the construct of perceived
credibility. An exploratory factor analysis was conducted as a means of tentatively
establishing whether the eighteen perception items represent one, or multiple, underlying
constructs. A principal components analysis suggests that the items used to measure
credibility reflect two (not one) constructs: credibility and presentation. Two factors with
eigenvalues greater than one were retained (Churchill Jr. 2004). The two factors
accounted for almost 60% of the variance. We performed an orthogonal rotation, using
the varimax procedure. Variable with factor loadings greater than 0.5 were used to
interpret the factors (Figure 22). Factor 1, interpreted as the credibility factor, consists of
the ten items: reliable, trustworthy, accurate, believable, valuable, professional,
demonstrated expertise, informative, authoritative, and unbiased the article was perceived
to be. Factor 2, interpreted as the presentation factor, consists of eight items: involving,
bold, interesting, persuasive, attractive in appearance, well-written, sophisticated, and
well-organized the article was perceived to be. In the regressions reported below, factor
scores were calculated for each respondent.
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Figure 22: The items and factor loadings after completing a varimax rotation on the independent
variables.

We empirically tested the peripheral cue hypothesis by running multivariate
regression models utilizing the five primary variables as independent variables, or cue
variables, and the two factors as dependent variables. The independent variables were
coded using a traditional dummy-coding scheme. The regression performed on the
credibility factor was statistically significant overall, and the beta coefficients to the bias
sponsor and encyclopedia cue variables were significant individually. On the other hand,
the presentation regression model was neither statistically significant overall nor were
any of the individual variables. Thus the cues appear to be related to perceived
credibility but not presentation.
The results of these multivariate regression models can be found in Figure 24 and
Appendix 2. Figure 24 illustrates the significant statistical results for each of the eighteen
individual items separately and the two aggregate factors. Darker shades indicate greater
significance; green shades indicate positive results while red shade indicate negative
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results. A more detailed version of this figure, which includes the numerical values, can
be found in Appendix 2.

Figure 24: This figure presents the significant positive and negative statistical results for each of
the questions independently and the two factors. Darker shades indicate greater significance;
green shades indicate positive results while red shade indicate negative results. A more detailed
version of this figure, which includes actual numbers, can be found in Appendix 2.

5.4.1. The five primary variables
The five primary variables used within the twelve different combinations of
variables were: (1) presence or absence of an identifiable author, (2) presence or absence
of references, (3) presence or absence of a biased sponsor, (4) presence or absence of an
award, and (5) whether the article is designated as appearing in Encyclopedia Britannica,
Wikipedia, or Encyclopedia of Earth. The presence of the biased sponsor (β= – 0.21880,
t Ratio= – 3.37, P= 0.0008), Exxon Mobil, had a significant negative affect on the
aggregate credibility factor. The encyclopedia in which the article was designated to have
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appeared in, also significantly affected the credibility factor. Recall that the content of
the article was identical in all cases, only the encyclopedia in which it was presented
varied. Relative to Encyclopedia Britannica, used as the omitted dummy variable, the
designation of the article as appearing in Encyclopedia of Earth (β= – 0.25308, t Ratio= –
3.09, P= 0.0020) or Wikipedia (β= – 0.38373, t Ratio= – 5.01, P= <0.0001) has a
significantly negative affect on perceived credibility. Such results could be due to the
presence of name recognition or brand equity. The other primary variables, including
author, references, and award, did not significantly influence the credibility factor. None
of the five primary variables were significantly related to the presentation factor.

5.4.2. Personal and academic background
A variety of different aspects of the participants’ backgrounds were considered as
potential influences on perceived credibility. These included their student (freshman,
sophomores, juniors, seniors, graduate students), or faculty positions, age, gender,
discipline, how many hours they spend on the internet a week, and whether they’ve taken
a course on how to use the internet. A series multivariate regressions were performed
including the participant’s backgrounds as the independent variables along with the five
primary variables mentioned above.
We found that most aspects of the participants’ background were not significant at
explaining the credibility factor.
Academic discipline, which we divided into 3 areas of study (natural science,
social science, and humanities), was not significant at explaining the credibility factor.
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Gender, age, number of hours spent on the Internet, or whether they’ve taken a course on
how to use the internet also were not significant at explaining the credibility factor. The
only variable that was significant at explaining the credibility factor was whether the
individual was the role as freshman, which increased their perceived credibility (β=
0.1796, t Ratio= 2.19, P=0.0291). None of the other academic or personal background
variables were significant. We also merged the undergraduates into a single group
variable and these variables were not significant at explaining the credibility factor either.
However, many aspects of personal and academic background were significant at
explaining the presentation factor. Gender was significant at explaining the presentation
factor (β = – 0.1058, t Ratio= – 3.11, P=0.0019) with females finding the article in
general less presentable then males. Undergraduates as a whole, and individually
(freshman, sophomores, and juniors) were significant at explaining the presentation
factor, finding it more presentable. Seniors, on their own, were not significant at
explaining the presentation factor, while graduate students (β = – 0.1926, t Ratio= – 2.36,
P=0.0184) and professors (β = – 0.3145, t Ratio= – 3.60, P=0.0003) both were significant
with negative β implying that members of these groups rated the articles as less
presentable. This shows a continuous trend from freshman up to professors in how the
presentation of the article was viewed. The other variable that affected the presentation
factor was whether the participants had ever taken a course on how to use the Internet.
Those participants that hadn’t taken such a course found the article significantly less
presentable (β = – 0.0986, t Ratio= – 2.66, P=0.0080), while those that had taken such a
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course found it more presentable. All other background variables had no significant
affect on the presentation factor.

5.4.3. Beliefs related to climate change
The three belief questions asked the participants’ how well they believed they
knew the subject area of the article, climate change, and other beliefs surrounding this
subject area. We found that beliefs did not significantly explain the credibility or
presentation factors. However, gender did have a significant affect on beliefs. There was
no significant difference between male and female belief in their own knowledge on the
subject. However, females did have a significantly stronger belief (β = 0.1507, t Ratio=
3.57, P=0.0004) that the activities of humans seriously influence climate change and that
strong environmental policies are needed to deal with human-made climate change (β =
0.1727, t Ratio= 3.72, P=0.0002).
Those in the natural sciences also believed themselves to be significantly more
knowledge about the subject of climate change (β = 0.4566, t Ratio= 4.52, P=<0.0001).
Those in humanities believed themselves significantly less knowledgeable (β = – 0.4432,
t Ratio= – 2.66, P=<0.0081).

5.5. Discussion
The question of how centralized versus decentralized editorial oversight affects
perceived credibility of online information is addressed in this study. This study is
especially critical because academics and students are increasingly utilizing Web-based
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information for course work and research (Browne et al. 2000), in parallel with an
increase in unreliable web based information (Hernon 1995, Fitzgerald 1997). With this
study we also address which online encyclopedia characteristics and content
characteristics affect perceived credibility of online information.
Results of this study demonstrate one of the most significant influences on
perceived credibility is the branding of the encyclopedia (Figure 24, Appendix 2). We
found that participants looking at the climate change article within Encyclopedia
Britannica had a statistically positive perception of its credibility while a statistically
negative perception of its credibility when viewing it in Wikipedia relative to those
participants looking at the same article within Encyclopedia of Earth.
Such results may be due to branding equity. Brand equity refers to the positive or
negative affect that a brand has on a consumer’s perception of a product due to that brand
being associated with it as opposed to an identical product with no brand or a different
brand associated with it (Aaker 1991). Brand equity requires the consumer to have
previous knowledge of the brand and hold a positive or negative association with that
brand (Keller 1993). In our case, the product was the climate change article and it had
one of three brand names associated with it: Encyclopedia Britannica, Encyclopedia of
Earth, or Wikipedia. Because a significant correlation was found between the perceived
credibility of the article and the brand attached to that article, branding equity might have
been in play.
Most consumers are unable to completely separate the product from the brand
name and are hence influenced by their previous knowledge and image of that brand
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(Leuthesser et al. 1995). In this case, presumably due to the historical and positive
association that participants had with Encyclopedia Britannica, they perceived the article
to be more credible than if the brand of Encyclopedia of Earth or Wikipedia had been
associated with it. The negative media publicity surrounding Wikipedia may have
decreased its brand equity in recent year (Seelye 2005, Cohen 2007, Hafner 2007). This
has especially penetrated academia, where many universities have begun forbidding
students to cite Wikipedia as a reference in papers (Cohen 2007).
Such results demonstrate that, although certain peripheral cues on the article page
itself do influence perceived credibility to an extent, a crucial aspect is the previous
knowledge of the brand and the type of image it has in the mind of the participant.
Encyclopedia of Earth, being a relatively new source of information, has a less positive
impact on perceived credibility as compared to Encyclopedia Britannica. It also shows
that developing a reputation of credibility and quality content through the use of a
centralized editorial system requires time and the acceptance that the quality exists (Yoo
et al. 2000). The improvement of brand equity improves perceived credibility of the
content.
Encyclopedia Britannica has had centuries to build up its brand equity. In
addition, for the majority of its existence, it was the most accessible encyclopedia
available through libraries and bookstores. However, that has changed in recent years.
Encyclopedia Britannica requires users to pay for much of the content while new
alternative Internet encyclopedias such as Wikipedia and Encyclopedia of Earth are free.
Although brand equity is important, it is not always sufficient to induce users to pay for
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online content especially when similar (albeit less credible) information can be found
elsewhere on the Web for free (Dou 2004, Wang et al. 2005).
The other major variables evaluated were the presence or absence of an author,
references, biased sponsor, and a site award. The results showed that only the presence
of a biased sponsor had a significant affect on perceived credibility. This can be seen in
Figure 24. The fact that the presence of a named author was not found to have a
significant affect on the perceived credibility may demonstrate that the participants do not
generally investigate the background of the author when looking at Web-based
information. However, because there was no affiliation associated with the given author,
nor was the author a globally known person, participants may have considered the
statement of just a name to be irrelevant. This could also explain the lack of significance
in the presence of a site award, since the award wasn’t given by an organization with a
known brand name, it was irrelevant to participants. The use of references also had no
significant effect on the perception of credibility. This could be due to the fact that the
article did have internal hyperlinks spread throughout the text. These could have been
viewed as references even though they would have only linked to other articles within
that website. The fact that the references to peer-reviewed articles at the bottom of the
page did not significantly influence the perceived credibility may also demonstrate that
when reading basic and general online information, peer-reviewed references are not seen
as critical.
Figure 24 also shows that four of the five primary variables did not significantly
explain the presentation factor. This implies that the participants did not believe the
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websites to be more or less presentable when the four variables were present or absent.
The Encyclopedia of Earth was the only encyclopedia that the participants found to be
significantly less attractive in appearance.
When looking at the background of the participants, the fact that the majority of
background characteristics did not explain the credibility factor demonstrates that
regardless of their academic fields, age, or gender, most people have a similar perception
of what online information is credible and what information is not credible. Freshmen
were the only group that believed the article was significantly more credible than the rest
of the academics participating in the study. This shows that there is a certain amount of
learned knowledge of how to assess the credibility of Web-based information. However,
the courses that are currently offered to some freshman on evaluating information
accessed online do not have any significant affect on the ability to perceive credibility.
This implies that such a skill may best be learned by doing actual research online.

5.6. Conclusion
Overall the results demonstrate that brand name and biased sponsor do affect perceived
credibility of online content while the presence or absence of an author, references, or site
award, do not. This supports our fifth hypothesis that perceived credibility is greater by
associating the source with Encyclopedia Britannica. However, the other four hypotheses
were not supported since perceived credibility was unaffected by: (1) the presence of an
author, (2) presence of references, (3) absence of a biased sponsor, or (4) presence of an
award. A greater brand equity seen for Encyclopedia Britannica and lesser brand equity
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for Wikipedia may show that centralized and historically trusted sources are seen to be
more credible while decentralized editorial systems are seen as less credible. However,
the resources required to create and maintain a centralized system can discourage its use
when an access fee limits accessibility. Users also do not investigate in-depth the level of
editorial control since the Encyclopedia of Earth, with similar editorial control, was not
perceived as credible as Encyclopedia Britannica. To gain this credibility, the
Encyclopedia of Earth will have to build its positive brand recognition over time. This
positive brand recognition will be based partly on the editorial control system it uses to
gain user’s trust, the presence of named authors, the presence of references, and the
absence of biased sponsors, so there is probably a delayed, indirect effect of the author,
references, and award variables on credibility, but only as they affect brand equity over
time.
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APPENDIXES
A. Experiment Questions
Background Questions
1. What is the red number at the top of your article?
2. What is your gender?
3. How old are you?
4. Which of the following describes your student or faculty position?
5. What is the name of the university or college with which you are affiliated?
6. What is your major or professional discipline?
7. On average, how many hours a week do you spend using the internet/WWW?
8. If you live in the United States, what is your zip code of your permanent address?
9. Have you ever taken a course on how to use the Internet or had it as part of another
course? (Yes/No)
10. How often have you used this on-line encyclopedia before? (where 1=‘never’ to
7=‘all the time’)
11. I am very knowledgeable about the topic of climate change. (where 1=‘strongly
disagree’ to 7=‘strongly agree’)
12. I believe that the activities of humans (e.g., driving cars, industrial manufacturing,
agricultural efforts, etc.) seriously influence climate change. (where 1=‘strongly
disagree’ to 7=‘strongly agree’)
13. I believe that strong environmental policies are needed to deal with human-made
climate change. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
Internet Practice Questions
14. I always try to verify that the information I obtain from an on-line encyclopedia is
correct. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
15. I always try to identify the author of an on-line encyclopedia article. (where
1=‘strongly disagree’ to 7=‘strongly agree’)
16. I always seek out other sources to validate information that I find in on-line
encyclopedias. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
17. I always try to determine whether the information in an on-line encyclopedia is
biased. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
18. When reading an on-line encyclopedia article, I always try to consider the author’s
goals and objectives in compiling the information. (where 1=‘strongly disagree’ to
7=‘strongly agree’)
19. When reading an on-line encyclopedia article, I always look for an award or some
other external source of recognition validating the information contained in the
article. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
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Article Perceptions Questions
20. The article is trustworthy. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
21. The article is believable. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
22. The article is reliable. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
23. The article is authoritative. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
24. The article is accurate. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
25. The article is valuable. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
26. The article is informative. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
27. The article is professional in content. (where 1=‘strongly disagree’ to 7=‘strongly
agree’)
28. The article is attractive in appearance or layout. (where 1=‘strongly disagree’ to
7=‘strongly agree’)
29. This article is involving. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
30. The article is bold. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
31. The article is interesting. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
32. The article is sophisticated. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
33. The article is biased. (where 1=‘strongly disagree’ to 7=‘strongly agree’) [reverse
coded]
34. The article is well-organized. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
35. The article is persuasive. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
36. The article demonstrates expertise in the subject matter. (where 1=‘strongly disagree’
to 7=‘strongly agree’)
37. The article is well-written. (where 1=‘strongly disagree’ to 7=‘strongly agree’)
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Table 2: This figure presents the results for each of the questions independently and the two factors. Encyclopedia Britannica is the omitted or
base line dummy variable in the encyclopedia coding scheme.

B. Experiment Results

